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FIELD OF THE INVENTION 

This invention relates to compounds that are inhibitors of interleukin-1 p 
converting enzyme. This invention also relates to a method of treatment of stroke, 
reperfusion injury, Alzheimer's disease, shigellosis, inflammatory diseases, and to 
a pharmaceutically acceptable composition that contains a compound that is an 
inhibitor of interleukin-1 P converting enzyme. 

BACKGROUND OF THE INVENTION 

The compounds of the present invention are inhibitors of interleukin-1 P 
converting enzyme (ICE; Caspase-1) and are useful in treating diseases in which 
interleukin-1 plays a role. 

ICE acts on pro-interleukin-ip (pro-IL-iP) to produce interleukin-1 P 
(IL-lp), which is an inflammatory cytokine. In addition, ICE (Caspase-1) regulates 
at least four cytokines. ICE activates IL-P and IL-18 and indirectly regulates the 
production of IL-1~ and IFNy. Several diseases are associated with 
interleukin-1 activity. Examples of diseases in which interleukin-1 is involved 
include, but are not limited to, inflammatory diseases such as rheumatoid arthritis 
and inflammatory bowel disease, neuroinflarnmatory disorders such as stroke. 
Other diseases include septic shock, reperfusion injury, Alzheimer's disease, and 
shigellosis. 

Agents that modulate IL-ip activity have been shown to have beneficial 
in vivo effects. For example, compounds that are interleukin-1 receptor 
antagonists have been shown to inhibit ischaemic and excitotoxic damage in rat 
brains. See, for example, Relton J.K., et al., Brain Research Bulletin, 
1992;29:243-246. Additionally, ICE inhibitors were shown to reduce 
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inflammation and pyrexia in rats. See Elford P.R., et al., British Journal of 
Pharmacology . 1995;115:601-606. 

The compounds of the present invention are also inhibitors of other 
cysteine proteases in the ICE family. Many of these proteases have only recently 
been described in the literature. While the nomenclature is still unresolved, the 
following proteases are representative members of this class of enzymes; 
lch-2 (also called Tx or ICErel-II), ICErel-Ill, lch-I (also called Nedd-2), 
CPP-32 (also called apopain and yama), Mch-2, Mch-3 (also called ICE-lap3, 
CMH-1), and Ced-3. See Henkart P.A., Immunity. 1996;4:195-201. It is 
recognized that members of this enzyme family play key biological roles in both 
inflammation and apoptosis (programmed cell death). In particular, Caspase-4 can 
activate IL-ip and IL-1 8. It has been shown that a murine homolog of Caspase-4 
can activate ICE. Thus, inhibition of Caspase-4 will act to inhibit ICE. See 
Thornberry N.A., et al., P-rs pectives in Drug Discovery and Design , 
1994;2:389-399. 

In addition to its effects on IL-ip production, ICE has been shown to play 
a role in the production of the inflammatory mediator interferon-y (Ghayur, et al., 
Nature. 1997;386(6625):619-623). ICE processes the inactive preform of 
interferon-Y inducing factor (IGIF; Interleukin-1 8) to active IGIF, a protein which 
induces production of interferon^ by T-cells and natural killer cells. Interferon^ 
has been implicated in the pathogenesis of diseases such as inflammatory 
disorders and septic shock. Therefore, ICE inhibitors would be expected to have 
beneficial effects in such disease states by effects on interferon-y. 

Recently, the nomenclature of those cysteine proteases in the ICE 
family (also known as caspases with ICE being known as Caspase-1) has been 
further defined. The following proteases are representative members of this class 
of enzymes using the nomenclature described in Alnemri, et al, Cell, 1996;87:171: 
Caspase-2 (also known as Ich-1); Caspase-3 (also known as CPP32, Yama, and 
apopain); Caspase-4 (also known as TX, lch-2, and ICE rel-II); Caspase-5 (also 
known as ICE rel-III); Caspase-6 (also known as Mch2 ); Caspase-7 (also known 
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as Mch3); Caspase-8 (also known as FLICE and Mch5); Caspase-9 (also known as 
ICE-LAP 6 and Mch6); Caspase-10 (also known as Mch4). 



SUMMARY OF THE INVENTION 
The present invention provides compounds of the Formula 
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each R a is independently hydrogen, Ci-C 6 alkyl, or -(CH 2 ) n aryl; 
R2is -(CRR) n -aryl, 
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-(CRR) n -X-aryl, 

-(CRR) n -heteroaryl, 

-(CRR) n -X-heteroaryl, 

-(CRR) n -(substituted-heteroaryl), 

-(CRR) n -(substituted-aryl), 

-(CRR) n -X-(substituted-aryl) ? 

-(CRR) n -aryl-aryl, 

-(CRR) n -aryl-heteroaryl, 

-(CRR) n -aryl-(CH2) n -aryl, 

-(CRR) n -CH(aryl) 2s 

-(CRR) n -cycloalkyl, 

-(CRR) n -X-cycloalkyl, 

-(CRR) n -heterocycle, 

-(CRR) n -X-heterocycle, 

-(CRR) n substituted heterocycle, 



7 (CH 2 )— aryl 

-(CRR)— CH 

\CH 2 )— aryl , 



-(CRR)— CH 

X (CH 2 )— aryl , 
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each R is independently hydrogen, Ci-Cfc alkyl, halogen or hydroxy; 
X is O or S; 
R3 isCi-C6 alkyl, 
aryl, 

heteroaryl, 
-(CHR) n -aryl, 

-(CHR) n -heteroaryl, 

-(CHR) n -substituted heteroaryl, 

-(CHR) n -substituted aryl, 

O 
li 

-(CRR) n COR a , 

-(CRR) n S(CH 2 ) n -aryl > 

cycloalkyl, 

substituted cycloalkyl, 

heterocycle, 

substituted heterocycle, 

O 
II 

-(CRR) n CNR a R a , 
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-(CRR) n -S-(CH 2 ) n aryl, 
II 

O 

O 
II 

-(CRR)n-SCi-C6 alkyl, 
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I 

J-CH 2 CH-, 
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-(CRR)nS(CH 2 ) n C0 2 R a , 



WO 98/16502 



-8- 



O 



O 



— (CRR) — 

o 

II 

-(CH 2 ) n NHOCi-C 6 alkyl, 

O 
II 

-(CH 2 ) n CNR b R b 



PCT/US97/18514 



O 




-(CRR)-N 2L (C H 2)nary , 



o 



b R b 



cjm 1 



k phenyl 





^(CH 2 ) n 
WCH 2 ) n 



O 

CC r C 6 alkyl O *R" 

o 
II 

CC r C 6 alkyl 



O *' 





OCH 2 -aryl 



O O 
aryl-S^ N V- C -( CRR) n- 



or 



aryl 

i 

o=s=o 



PCT/US97/18514 

WO 98/16502 

-9- 

each R' is independently C1-C6 alkyl, 

C1-C6 alkylaryl, 

aryl, or 
hydrogen; 
each J is independently 

-C0 2 R b , 

-CONR b R b , 

-S0 2 NR b R b , or 

-S0 2 R b ; 

each R b is independently hydrogen, C x -C 6 alkyl, aryl, substituted aryl; 
arylalkyl, heteroarylalkyl, substituted arylalkyl, or substituted 
heteroarylalkyl; 

R 4 is hydrogen, 

C1-C6 alkyl, 

O 
II 

CH3OC-, 
-phenyl, or 

O 
II 

C1-C6 alkyl C-; 
R5is Ci-C 6 alkyl-CO-, 
-(CH 2 ) n aryl 

O 
II 

Ci-C 6 -alkylOC-, 

C 1 -C 6 -alkyl-X-(CH 2 ) n CO, 

O 
II 

Ci-C 6 -alkyl-X-(CH 2 ) n OC-, 
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O 
II 

-C(CRR) n aryl, 

O 
II 

-CNR a R a , 

O 
II 

-SCi-Cs alkyl, 
II 

O 

o o 

II II 

-C(CH 2 ) n CNR a R a , 

O 
II 

-CO(CH2)nMyl> 
O 

-CO(CH2) n substituted aryl, 

O O 
II H 

-C(CRR) n NHCO(CH 2 ) n - ar y^ 

— C— CH— N^ r53 
R 6 

J 

-(CH 2 )nX(CH 2 )n-aryU 

-Ci-Ce alkyl X-C1-C6 alkyl aryl, or 

OOO 

II II II 

-C-CH-NHC-CH-NHCC 1 -C 6 alkyl; 

I I 

(CH2) n CH2-heteroaryl 
I 

C02R a 
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O 
II 

CC1-C6 alkyl, 

O 
II 

-COC!-C6 alkyl, 

O O 

II II 
-C-CH-NHCCi-C 6 alkyl, 

I 

(CH 2 ) n 
I 

aryl or substituted aryl, 

O 
II 

CO(CH 2 ) n aryl, 

O 
II 

C(CH 2 ) n or 

o o 

II II 

CCHNHCCi-C 6 alkyl; 
I 

CH 2 heteroaryl 

R 6 is hydrogen, 

Ci-C 6 alkyl, -(CH 2 ) n aryl, -(CH 2 ) n C0 2 Ra hydroxyl substituted 
C1-C6 alkyl, or imidazole substituted Cj-Cs alkyl; 

each n is independently 0 to 3, and the pharmaceutical^ acceptable, salts, esters, 

amides, and prodrugs thereof. 

In a preferred embodiment of the compounds of Formula I, R 1 is 
O 
II 

phenyl-CH 2 -OC-. 

In another preferred embodiment of the compounds of Formula I, R 1 is 

phenyl-S0 2 -. 
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In another preferred embodiment of the compounds of Formula I, 
O 
tl 

Rl is CH3-OC-. 

In another preferred embodiment of the compounds of Formula I, 
Rl isphenyl-CH 2 CH2-CO-. 

In another preferred embodiment of the compounds of Formula I, 

O CH 



Rl ir ^ 3 



3 

In another preferred embodiment of the compounds of Formula I, 

°CHf^CH 3 

In another preferred embodiment of the compounds of Formula 1, 
Rl is phenyl-CH 2 -CO-. 

In another preferred embodiment of the compounds of Formula I, 

Rl is O^CO- . 

In another preferred embodiment of the compounds of Formula I, 
R a is hydrogen. 

In another preferred embodiment of the compounds of Formula I, 

R2is-(CH 2 )n-phenyl. 

In another preferred embodiment of the compounds of Formula I, 

R2 is -(CH 2 ) n -naphthyl. 

In another preferred embodiment of the compounds of Formula I, 

R2 is -(CH 2 ) n -0-phenyl. 

In another preferred embodiment of the compounds of Formula I, 
R2 is -(CH 2 ) n -0-naphthyl. 
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In another preferred embodiment of the compounds of Formula I, 

R2 is -(CH2) n -S-P hen y L 

In another preferred embodiment of the compounds of Formula I, 

R2 is-(CH 2 ) n -CH(phenyl)2. 

In another preferred embodiment of the compounds of Formula I, 
Ra is hydrogen; R 1 is benzyloxycarbonyl; R 2 is aryl-X(CRR) n -, aryl-(CRR) n -, 
heteroaryl-(CRR) n -, or cycloalkyl-(CRR) n s n is 1, 2, or 3; X is O or S; and R is 

hydrogen, methyl, or benzyl. 

In another preferred embodiment of the compounds of Formula I, 

R a is hydrogen; 

Rl is benzyloxycarbonyl; and 

R2 is -(CH2) n -naphthyl, 

-(CH 2 )n-pnenyl, 

-(CH 2 ) n -cycloalkyU 

-(CH2)nO(CH2)n-naphthyl, 

-(CH2) n O(CH 2 )n-pnenyl s or 

-(CH 2 ) n S(CH 2 ) n -phenyl. 

In another preferred embodiment of the compounds of Formula I, 

R a is hydrogen; 

Rl is benzyloxycarbonyl; and 

R2 is -CH2-naphthyl. 

In another preferred embodiment of the compounds of Formula I, 

R a is hydrogen; 

R 2 is benzyloxycarbonyl, 
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— C— CH— NHC CHNHC CHNHCC r C 6 alkyl , 

CH^CH 3 CH 2 CH 2 C0 2 H CH 2 aryI 
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II 

-C-CH-CH2-S-aryl, or 
I 

CH3 

O O 

II II 
-C-CHCH2-S-aryl. 



CH3 O 

Also provided is a method of inhibiting interleukin-lp" converting enzyme, 
1 5 the method comprising administering to a patient in need of inhibition of 

interleukin-lp- converting enzyme a therapeutically effective amount of a 

compound of Formula I. 

Also provided is a method of inhibiting Caspase-4, the method comprising 
administering to a patient in need of Caspase-4 inhibition a Caspase-4 inhibiting 
20 amount of a compound of Formula I. 

Also provided is a method of treating stroke, the method comprising 
administering to a patient having a stroke or having had a stroke a therapeutically 
effective amount of a compound of Formula I. 

Also provided is a method of treating inflammatory diseases, the method 
25 comprising administering to a patient having an inflammatory disease a 
therapeutically effective amount of a compound of Formula I. 

In a preferred embodiment of the treatment of inflammatory diseases, the 
inflammatory disease is arthritis. 
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In a preferred embodiment of the treatment of inflammatory diseases, the 
inflammatory disease inflammatory bowel disease. 

Also provided is a method of treating reperfusion injury, the method of 
comprising administering to a patient having reperfusion injury a therapeutically 
effective amount of a compound of Formula 1. 

Also provided is a method of treating Alzheimer's disease, the method 
comprising administering to a patient having Alzheimer's disease a therapeutically 
effective amount of a compound of Formula I. 

Also provided is a method of treating shigellosis, the method comprising 
administering to a patient having shigellosis a therapeutically effective amount of 

a compound of Formula I. 

Also provided is a pharmaceutical^ acceptable composition that contains a 

compound of Formula I. 

Also provided are the compounds: 

3-Ber^loxycarbonylamino-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic 

acid; 

3-Benzyloxycarbonylamino-4-oxo-5-(3-phenyl-propionyloxy)-pentanoic 

acid; 

3-Benzyloxycarbonylamino-5-(3-cyclohexyl-propionyloxy)-4-oxo- 
pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(naphthalene-l-yl-oxyVacetoxy]-4-oxo- 
pentanoic acid; 

3-Benzyloxycarbonylamino-4-oxo-5-phenoxyacetoxy-pentanoicacid; 
3-Benzyloxycarbonylamino-4-oxo-5-phenylsulfanylacetoxy-pentanoic 

acid; 

3-Benzyloxycarbonylamino-5-[(6-methoxy-naphthalene-l-yl)-acetoxy]-4- 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-5-(naphthalene-2-yl-acetoxy)-4-oxo-pentanoic 

acid; 

3-Benzyloxycarbonylamino-5-(3-naphthalene-2-yl-pro P ionyloxy)-4-oxo- 
pentanoic acid; 
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3-Benzyloxycarbonylamino-5-(3 s 3-diphenyl-propionyloxy)-4-oxo- 

pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(lH-^ 

acid; 

3-Beiizyloxycarb^ 
3-Benzyloxycarbonylami^ 

pentanoic acid; 

3-Benzyloxycarbonylamino-4-oxo-5-[(2-oxo-pyrrolidin-l-yl)-acetoxy]- 
pentanoic acid; 

54(Acetyl-phenyl-amino)-acetoxy]0-benzyloxycarbonyl-amino-4-oxo- 
pentanoic acid; 

3-Benzyloxycarbonylamino-5-(2-benzyl-3-phenyl-propionyloxy)-4-oxo- 

pentanoic acid; 

3-Benzyloxycarbonylamino-5-(hydroxy-^^^ 

pentanoic acid; 

3-Benzyloxycarbonylamino^ 

acid; 

3-Beiizyloxycarbonylamino.5-[(6-hydroxy-naphthalene-l-yl)-acetoxy 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-54 

propionyloxy)-4-oxo-pentanoic acid; 

(S)-3-Benzyloxycarbonylamino-4-oxo-5-phenylacetoxy-pentanoicacid; 

(S)-3-Beiizyloxycarbonylamino.4-oxo-5<4-phenyl-butyryloxy)-pe 

acid; 

3-Benzyloxycarbonylamino-4^ 
pentanoic acid; 

3-Berizyloxycarbonylamino-54(4-methyl-naphthalen-l-yl)-acetoxy] 

oxo-pentanoic acid; 

3-Benzyloxycarbonylanuno-4-oxo-5-[(4-thiophen-2-yl-naphthaien-l-yl> 

acetoxy]-pentanoic acid; 

3-Beii2yloxycarbonylamino-5-[(4-fluoro-naphthalen-l-yl)-acetoxy]^ 

pentanoic acid; 
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3-Benzyloxycarbonylamino-5-[(2-methyl-naphthalen-l-yl)-acetoxy]-4- 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(2-fluoro-naphthalen- 1 -yl)-acetoxy]-4-oxo- 

pentanoic acid; 

5-(Benzofimm-4-yl-acetoxy)-3^ 

acid; 

5-(Benzo[b]thiophen-7-yl-acetoxy)-3-benzyloxycarbonylamino-4-oxo- 
pentanoic acid; 

5-(Benzo[b]thiophen-4-yl-acetoxy)-3-benzyloxycarbonylamino-4-oxo- 
pentanoic acid; 

5-[(4-Benzyl-naphthalen-l-yl)-acetoxy]-3-benzyloxycarbonylamino-4-oxo- 
pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(3 s 4-dihydro-naphthalen-l-yl)-acetoxy]-4- 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(5-bromo-lH-indol-3-yl)-acetoxy]-4-oxo- 

pentanoic acid; 

3-Benzyloxycarbonylamino-5-(3,4-diphenyl-butyryloxy)-4-oxo-pentan^ 

acid; 

3-Benzyloxycarbonylamino-4-oxo-5-(3-phenyl-3-phenylamino- 

propionyloxy)-pentanoic acid; 

3-Benzyloxycarbonyiamino-4-oxo-5-[(U2,3,4-tetrahydro-naphthalen-2-yl)- 

acetoxyj-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[( 1 -methanesulfonyl-piperidin-4-yl)- 

acetoxy]-4-oxo-pentanoic acid; 

3-BenzyIoxycarbonylamino-4-oxo-5-[(2,3,5,6-tetramethyl-phenyl)- 

acetoxy]-pentanoic acid; 

5-(Benzothiazol-4-yl-acetoxy)-3-benzyloxycarbonylamino-4-oxo- 

pentanoic acid; 

5-(Benzofuran-3-yl-acetoxy)-3-benzyloxycarbonyiamino-4^xo-pentanoic 

acid; 

5-(Benzo[b]thiophen-3-yl-acetoxy)-3-benzyloxycarbonylamino-4-oxo- 
pentanoic acid; 
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3-Benzyloxycarbonylamino-4-oxo-5-(3-phenyl-3-pyridin-2-yl- 

propionyloxy)-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(2,3-dichioro-phenyl)-acetoxy]-4-oxo- 

pentanoic acid; 

3-Benzyloxycaito^ 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(2-iodo-phenyl)-acetoxy]-4-oxo-pentanoic 

acid; 

3-Benzyloxycarbonylamino-4-oxo-5-(3-pyridin-3-yl-propionyloxy)- 

) pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(5-methoxy-naphthalen- 1 -yl)-acetoxy]-4- 

oxo-pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(8-methyl-naphthakn-l-yl)-acetoxy]-4- 

oxo-pentanoic acid; 

5 3.Ben2yloxycarbonylamino-5-[(9H-fluoren-9-yl)-acetoxy]-4-oxo- 

pentanoic acid; 

3-Benzyloxycarbonylamino-5-[(l 0,1 1 -dihydro-5H- 
dibenzofa^lcyclohepten-S-yO-acetoxyl^-oxo-pentanoic acid; 

5-Oxo- 1 -(toluene-4-sulfonyl)-pyrrolidine-2-carboxylic acid 
0 3-benzyloxycarbonylamino-4-carboxy-2-oxo-butyl ester; 

5-Oxo-pyrrolidine-l,2-dicarboxylic acid 1 -benzyl ester 2-(3- 
benzyloxycarbonylamino-4-carboxy-2-oxo-butyl) ester; 

l-Benzoyl-pyrrolidine-2-carboxylic acid 3-benzyloxycarbonylamino-4- 

carboxy-2-oxo-butyl ester; 
25 Pyrrolidine- 1 ,2-dicarboxylic acid 1 -benzyl ester 2-(3- 

benzyloxycarbonylamino-4-carboxy-2-oxo-butyl) ester; 

3-Ber^loxycarbonylamino-5-(2-beiizyl-3-phenyl-propionyloxy)-4-oxo- 

pentanoic acid; 

3-Berizyloxycarbonylamino-5-[(5-cyano-naphthalen-l-yl)-acetoxy]-4^ 

30 pentanoic acid; 

3-Benzyloxycarbonylamino-4-oxo-5-(3-phenyl-3-pyridin-3-yl- 

propionyloxy)-pentanoic acid; 
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3-Benzyloxycarbonylamino-4-oxo-5-(3-phenyl-3-pyridin-4-yl- 

propionyloxy)-pentanoic acid; and 

3-Benzyloxycarbonylamino-4-oxo-5-[(l-oxo-3,4-dihydro-lH-isoquinolin- 

2-yl)-acetoxy]-pentanoic acid. 
5 Also provided are the compounds: 

3-Benzenesulfonylamino-5-(naphthalen- 1 -yl-acetoxy)-4-oxo-pentanoic 

acid; 

3-Methoxycarbonylamino-5-(naphthalene-l-yl-acetoxy)-4-oxo-pentanoic 

acid; 

! o 5-(Naphthalene- 1 -yl-acetoxy)-4-oxo-3-(3-phenyl-propionylamino)- 

pentanoic acid; 

3-Methoxycarbonylamino-4-oxo-5-phenoxyacetoxy-pentanoic acid; and 
3-(2-Methanesulfonyl-l -methyl-e^ 
acetoxy)-4-oxo-pentanoic acid. 

1 5 Also provided are the compounds: 

[S-(R* s R*)]-3-(2-Acetylamino-propionylamino)-5-(naphthalene-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[(thiophene-3-carbonyl)-amino]- 

pentanoic acid; 

20 3-[(Furan-3-carbonyl)-amino]-5-(naphthalen- 1 -yl-acetoxy)-4-oxo- 

pentanoic acid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[2-(4-phenyl-butyrylamino> 

propylamino]-pentanoic acid; 

3-(2-Methanesulfonylamino-propionylamino)-5-(naphthalen- 1 -yl-acetoxy)- 

25 4-oxo-pentanoic acid; 

342<2-Acetylamino-4-phenyl-butyrylamino)-propionylamino]-5- 

(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicacid; 

3-(2-Acetylamino-butyrylamino)-5-(naphthalen- 1 -yl-acetoxy)-4-oxo- 

pentanoic acid; 

30 3.[2-(4-Carbamoyl-butyrylamino)-propionylamino]-5-(naphthalen- 1 -yl- 

acetoxy)-4-oxo-pentanoic acid; 



PCT/US97/18514 

WO 98/16502 

-20- 

3-(2-Benzyloxycarbonylamino-propionylamino)-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-(2-ureido-propionylamino)- 

pentanoic acid; 

5 3 -(2-Acetylamino-propionylamino)-5-(naphthalen-l-yl-acetoxyH 
pentanoic acid; 

3-[(l-Acetyl-pyrrolidine-2-carbonyl)-amino]-5-(naphthalen-l-y^ 

4-oxo-pentanoic acid; 

3-(2-Methyl-3-oxo-3-thiophen-2-yl-pr^^^ 

10 acetoxy)-4-oxo-pentanoic acid; 

3-(2-Acetylamino-acetylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo- 

pentanoic acid; 

3-(2-Acetylamino-propionylamino)-5-(3 J 3-diphenyl-propionyloxy)-4-oxo- 
pentanoic acid; 

15 3 .[2"(2-Acetylamino-4-carboxy-butyrylamino)-propionylamino]-5 

(naphthaien-l-yl-acetoxy)-4-oxo-pentanoicacid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[2K3-phenyl-propionylamino)- 

propionylamino]-pentanoic acid; 

3-[2-(3-Methyl-butyrylamino)-propionylamino]-5-(naphthal^ 

20 acetoxy)-4-oxo-pentanoic acid; 

3-[( 1 -Acetyl-4-benzyloxy-pyirolidine-2-carbonyl)-arnino]-5-(naphthalen- 

l-yl-acetoxy)-4-oxo-pentanoic acid; 

3<4-Carbamoyl-butyrylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo- 

pentanoic acid; and 

25 3 .[2-(l-Methyl-lH-imidazol-4-yl)-acetylamino]-5-(naphthalen-l-y^ 

acetoxy)-4-oxo-pentanoic acid. 

Also provided are the compounds: 

(S)-5-(Naphthalene- 1 -yl-acetoxy)-4-oxo-3-phenylacetylamino-pentanoic 

acid; 

30 (S )-5-(Naphthalene-l-yl-acetoxy)-4-oxo-3-(2-thiophene-2-yl-acetyiam 
pentanoic acid; 
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34(2-Carbamoyl-cyclopentanecarbonyl)-amino]-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-[(3-Carbarnoyl-bicyclo[2.2. 1 ]heptane-2-carbonyl)-amino]-5-(naphthalen- 

1 -yl-acetoxy)-4-oxo-pentanoic acid; 

3-(3-Methanesulfonyl-2-methy^ 

acetoxy)-4-oxo-pentanoic acid; 

3-(3-Benzenesulfonyl-2-methyl-propionylamino)-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-Butyrylamino-5-(naphthalen-2-yl-acetoxy)-4-oxo-pentanoicacid; 

3-Acetylamino-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicacid; 

3-(3-Methanesulfonyl-2-methyl-propionylamino)-5-(naphthalen- 1 -yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-(3-Methyl-butyrylam^ 

acid; 

3-(3-Carbamoyl-propionylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo- 
pentanoic acid; 

[S-(R*,R*)]-3-(3-Acetylsulfanyl-2-methyl-propionylamino)-5-(naphtha^ 

l-yl-acetoxy)-4-oxo-pentanoic acid; and 

/ramO-[(3-Carbamoyl-cyclopentanecarbonyl)-amino]-5-(naphthd 

acetoxy)-4-oxo-pentanoic acid. 

Also provided are the compounds: 

3-( 1 ,23,4-tetrahydro-l -ox 

1-yl acetoxy)-4-oxo-pentanoic acid; 

3-(2-Methyl-3-phenethylcarbamoyl-propionylamino)-5-(naphthak 1 -yl- 

acetoxy)-4-oxo-pentanoic acid; 

5-(Naphthalen-2-yl-acetoxy)-4-oxo-3-[2-(2-oxo-6-phenyl-piperidin-l-yl)- 

acetylamino] -pentanoic acid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[2-(2-oxo-6-phenyl-piperidin-l-yl)- 

acetylamino] -pentanoic acid; 
) 3 .[3-Methyl-2-(3-phenyl-prop^^ 

1 ,2,3,4-tetrahydro-naphthalen-2-yl)-acetoxy]-pentanoic acid; 
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3-(Naphthalen-2-yl-acetoxy)-4-oxo-3-[2-(l-oxo-3,4-dihydro-lH- 

isoquinolin-2-yl)-acetylamino]-pentanoicacid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-4-oxo-3-[2-(l-oxo-3,4-dihydro-lH- 

isoquinolin-2-yl)-acetylamino]-pentanoicacid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-4-oxo-3-[2-(2-oxo-6-phenyl- 

piperidin- 1 -yl)-acetylamino]-pentanoic acid; 

5-(Naphthakn-l-yl-acetoxy)-4-oxo-3-[2-(l-oxo-l,2,3,4-tetrahydro- 

naphthalen-2-yl)-acetylamino]-pentanoicacid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[2-(l-oxo-3,4-dihydro-lH- 

isoquinolin-2-yl)-propionylamino]-pentanoicacid; 

5-(Naphthalen-2-yl-acetoxyH-oxo-3-[2-(l-oxo-3,4-dihydro-lH- 

isoquinolin-2-yl)-propionylamino]-pentanoic acid; 

3- [4-(l-Benzenesulfonyl-lH-pyrrol-2-yl)-4-oxo-butyrylamino]- 

5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-4-oxo-3-[2-(l-oxo-l,2,3,4-tetrah y dro- 

naphthalen-2-yl)-acetylamino]-pentanoicacid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-4-oxo-3-[2-(l-oxo-3,4-dihydro-lH- 

isoquinolin-2-yl)-propionylamino]-pentanoicacid; 

4- Oxo-3-[2-(l-oxo-3,4-dihydro-lH-isoquinolin-2-yl)-propionylamino]- 

S-Kl-oxo-l^^^-tetrahydro-naphthalen^-yO-ace^-pentanoicacid; 

3- [4-(l-Benzenesvdfonyl-lH-pyrrol-2-yl)-4-oxo-butyrylamino]- 
5-(2-benzyl-3-phenyl-propionyloxy)-4-oxo-pentanoicacid; 

4- Oxo-5-[(l-oxo-l,2,3,4-tetrahydro-naphthalen-2-yl)-acetoxy]- 

3- [2-(l-oxo-l,2 ) 3,4-tetrahydro-naphthalen-2-yl)-acetylamino]-pentanoicacid; 

5- (Naphthalen-l-yl-acetoxy)-4-oxo-3-[2-(2-oxo-3-phenyl-imidazolidin- 

1 -yl)-propionylamino]-pentanoic acid; 

5-(Naphthalen- 1 -yl-acetoxy)-4-oxo-3-[2-(2-oxo-3-phenyl-tetrahydro- 

pyrimidin-l-yl)-propionylamino]-pentanoicacid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-[2-(2-oxo-3-phenyl-tetrahydro- 

) pyrimidin-l-yl)-acetylamino]-pentanoic acid; 

3-(2-Acetylamino-3-methyl-butyrylamino)-5-(naphthalen-l-yl-acetoxy)- 

4- oxo-pentanoic acid; 
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3-(2-Acetylamino-3-methyl-butyrylamino)-5-(2-benzyl-3-phenyl- 

propionyloxy)-4-oxo-pentanoic acid; 

3-(2-Acetylamino-3-methyl-butyi7lamino)-5-(3-benzyl-4-phenyl- 

butyryloxy)-4-oxo-pentanoic acid; 
5 3.(2-Acetylamino-3-methyl-butyrylamino)-5-(4-benzyl-5-phen^ 

pentanoyloxy)-4-oxo-pentanoic acid; 

3-(2-Acetylaxnino-3-methyl-butyrylamino)-4-oxo-5-[(l-oxo- 

1 > 2,3 > 4-tetrahydro-naphthalen-2-yl)-acetoxy]-pentanoic acid; 

5-(3-Benzyl-4-phenyl-butyryloxy)-3-[3-methyl-2-(3-phenyl- 

1 0 propionylamino)-butyrylamino]-4-oxo-pentanoic acid; 

3-[2-(3-Acetylamino-2-oxo-2H-pyridin-l-yl)-acetylamino]-5-(3,3- 

diphenyl-propionyloxy)-4-oxo-pentanoic acid; and 

3-[2-(3-Acetylamino-2-oxo-2H-pyridin-l-yl)-acetylamino]-5-(2-benzyl-3 

phenyl-propionyloxy)-4-oxo-pentanoicacid. 

1 5 Also provided are the compounds: 

3-[2-(2-Berizyloxycarbonylamino-4-carboxy-butyrylamino)-3-methyl- 

butyrylamino]-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicaci 

3-[2-(2-Benzyloxycarbonylamino-3-methyl-butyryiamino)- 

propionylamino]-5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

20 3-(2-Acetylamino-3-methyl-butyrylamino)-5-(naphth^ 

4-oxo-pentanoic acid; 

3-[2-(2-Benzyloxycarbonylamino-3-methyl-butyrylamino)- 

propionylamino]-5-(3 > 3-diphenyl-propionyloxy)-4-oxo-pentanoic acid; 

3-[2-(2-Benzyloxycarbonylamino-3-methyl-butyrylarnino)- 

25 propionylamino]-5-(2-beiizyl-3-phenyl-propionyloxy)-4-oxo-pentanoicacid; 

3-[2-(2-Benzyloxycarbonylamino-3-methyl-butyrylamino)- 

propionylamino]-5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-{2-[4-carboxy-2-(3-phenyl- 

propionylamino)-butyrylamino]-3-methyl-butyryl^ 
30 3 .(2-Berizyloxycarbonylamino-3-methyl-butyrylamino)-5-(3^ 

propionyloxy)-4-oxo-pentanoic acid; 
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3-(2-Acetylamino-3-hydroxy-bu^ 

4-oxo-pentanoic acid; 

3-(2-Acetylamino-3-hydroxy-butyrylamino)-5-(3,3-diphenyl- 

propionyloxy)-4-oxo-pentanoic acid; 

3 -(2-{2-[2-Acetylamino-3-(lH-mdol-3-yl)-propionylamino]-4-carboxy- 

butyrylamino}-3-memyl-bu^ 

4-oxo-pentanoic acid; and 

5-(3,3-Diphenyl-propionyloxy)-4-oxo-3-[2-(4-phenyl-butyrylamino)- 

propionylamino]-pentanoic acid. 

Also provided are the compounds: 

3-(2-{2-[2-Acetylamino-3-(lH-indol-3-yl)-propionylamino]-4-carboxy- 

butyrylamino}-3-methyl-butyrylamino)-5-(naphtha^ 

pentanoic acid; and 

3-(2-{2-[2-Acetylamino-3-(4-hydroxy-phenyl)-propionylamino]- 

4-carboxy-butyrylamino}-3-m^ 
4-oxo-pentanoic acid. 

Also provided are the compounds: 

3-[(2-Carboxy-cyclohexanecarbonyl)-amino]-5-(naphthalen- 1 -yl-acetoxy)- 

4-oxo-pentanoic acid; 

3-[(2-Methoxycarbonyl-cyclohexanecarbonyl)-amino]-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; and 

3-[(2-Carbamoyl-cyclohexanecarbonyl)-amino]-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid. 

Also provided are the compounds: 

3-(3-Benzylsulfanyl-2-memyl-propionylamino)-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-(2-Methyl-3-phenylmethanesulfonyl-propionylamino)-5-(naphthalen- 

1- yl-acetoxy)-4-oxo-pentanoic acid; 
3-[3-(2-Carboxy-ethanesulfanyl)-2-methyl-propionylamino]- 

5-(naphthalen- 1 -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(2-carboxy-ethanesulfonyl)- 

2- methyl-propionylamino]-4-oxo-pentanoic acid; 
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5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(3-carboxy-propane-l-sulfinyl)- 

2-methyl-propionylamino]-4-oxo-pentanoic acid; 

5-(Naphthalen-l-yl-acetoxy)-4-oxo-3-(2-phenylrnethanesuifanyl- 

propionylamino)-pentanoic acid; 

5 3-(2-Methyl-3-phenylsul^ 

acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-(2-methyl-3-phenylsulfanyl- 

propionylamino)-4-oxo-pentanoic acid; 

3-(2-Methyl-3-phenethylsulfanyl-propionylamino)-5-(naphthak 

10 acetoxy)-4-oxo-pentanoic acid; 

5<2-Benzyl-3-phenyl-propionyloxy)-3-(2-methyl-3-phenethylsuifanyl- 

propionylamino)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-(3-benzylsulfanyl-2-methyl- 

propionylamino)-4-oxo-pentanoic acid; 
15 5-(2-Benzyl-3-phenyl-propionyloxy)-3-(2-benzylsulfanyl- 

propionylamino)-4-oxo-pentanoic acid; 

3-[2-Methyl-3^3-phenyl-propylsu^^ 

l-yl-acetoxy)-4-oxo-pentanoic acid; 

3^3-Benzenesulfonyl-2-methyl-propionylamino)-5-(naphthalen- 1 -yl- 

20 acetoxy)-4-oxo-pentanoic acid; 

3-(3-Benzenesulfonyl-2-methyl-propionylamino)-5-(2-benzyl-3-phenyl- 

propionyloxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-[2-methyl-3-(2-phenyl- 

ethanesulfonyl)-propionylamino]-4-oxo-pentanoicacid; 
25 3.[2-Methyl-3-(2-phenyl-ethanesuIfonyl)-propionylamino]-5-(naph 

l-yl-acetoxy)-4-oxo-pentanoic acid; 

5-(Naphthalen- 1 -yl-acetoxy)-4-oxo-3-(2-phenylmethanesulfonyl- 

propionylamino)-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-(2-methyl- 
30 3 -phenylmethanesulfonyl-propionylamino)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-4-oxo-3-(2-phenylmethanesulfonyl- 

propionylamino)-pentanoic acid; 
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3-[2-Methyl-3-(3-phenyl-propane-l-sulfonyl)-propionylamino]- 

5-(naphthalen- 1 -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Ber^l-3-phenyl-propionyloxy)-3-^^ 
1 -sulfonyl)-propionylamino]-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(2-carboxy-ethylsulfanyl)- 

2-methyl-propionylamino]-4-oxo-pentanoic acid; 

3-[3-(3-Carboxy-propylsulfanyl)-2-methyl-propionylamino]- 

5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(3-carboxy-propylsulfanyl)- 

2-methyl-propionylamino]-4-oxo-pentanoicacid; 

3-(3-Carboxymethylsulfanyl-2^ 

1 -yl-acetoxy)-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-(3-carboxymethylsulfanyl- 

2-methyl-propionylamino)-4-oxo-pentanoic acid; 

3-[3-(2-Carboxy-ethanesulfonyl)-2-methyl-propionylamino]- 

5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

3-[3-(3-Carboxy-propane-l-sulfonyl)-2-methyl-propionylamino]- 

5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid; 

3-(3-Carboxymethanesulfonyl-2-methyl-propionylamino)-5<naphthden- 

1- yl-acetoxy)-4-oxo-pentanoic acid; 
5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(3-carboxy-propane-l-sulfonyl)- 

2- methyi-propionylamino]-4-oxo-pentanoic acid; 

5-(2-Benzyl-3-phenyl-p^ 
2-methyl-propionylamino)-4-oxo-pentanoicacid; 

3-[3-(3-Carboxy-propane- 1 -sulfinyl)-2-methyl-propionylamino]- 

5-(naphthalen- 1 -yl-acetoxy)-4-oxo-pentanoic acid; 

3-[2-Methyl-3-(3-phenyl-propane-l-sulfinyl)-propionylamino]- 

5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid; and 

5-(2-Ben2yl-3-phenyl-propionyloxy)-3-[2-methyl-3-(3-phenyl-propane 

1 -sulfinyl)-propionylamino]-4-oxo-pentanoic acid. 
Also provided are the compounds: 
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343-Methyl-2-(phenethylcarbamoyl-methyl)-butyTylamino]-5Knap 

l-yl-acetoxy)-4-oxo-pentanoic acid; and 

3<3-Carboxy-2-methyl-propionyl^^ 

oxo-pentanoic acid. 

Also provided is the compound: 

3<2.Methyl-3-sulfamoyl-propionylamino)-5-(naphthalen- 1 -yl-acetoxy>4- 

oxo-pentanoic acid. 

Also provided are the compounds: 

3.(3-Carbamoyl-2-methyl-propionylamino)-5-(naphthalen- 1 -yl-acetoxy)-4- 

oxo-pentanoic acid; 

3-(2-Ber^loxycarbonylamino-3-memyl-naphthalen-l-yl-acetoxy)-4-oxo- 

pentanoic acid; 

3-[(2-Carbamoyl-cyclopentanecarbonyl)-amino]-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-[(l-Carbamoyl-pyrrolidine-2-carbonyl)-amino]-5-(naphthalen-l-yl- 

acetoxy)-4-oxo-pentanoic acid; 

3-(2-{2-[2-Acetylamino-3-(4-hydroxy-phenyl)-propionylamino]- 

4-carboxy-butyrylamino}-3-memyl-buryrylamino)-^ 

propionyloxy)-4-oxo-pentanoic acid; 

3.(3.Carbamoyl-2-methyl-propionylamino)-5-(naphthalen-l-yl-acetoxy)-4- 

oxo-pentanoic acid; 

3-(2-Carbamoylmemyl-3-methyl-butyrylamino)-5^naphmalen^ 

acetoxy)-4-oxo-pentanoic acid; 

3-(3-Benzylaxy-2-ura^ 

oxo-pentanoic acid; 

3-[2-(2-Benzyloxycarbonylamino-4-carboxy-butyrylamino)-3-methyl- 

butyrylamino]-5-(2-benzyl-3-phenyl-propionyloxy)-4-oxo-pentanoicacid; 

3-{2-[4-Carboxy-2-(3-phenyl-propionylamino)-butyrylamino]-3-methyl- 

butyrylamino}-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid; and 
) 3. [ 2.(2-Acetylamino-4-carboxy-butyrylamino)-3-methyl-butyi7lamino]- 

5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicacid. 



WO 98/16502 

-28- 

Also provided are compounds of the Formula 1 
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II 
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H 3 C CH 3 

O O 

II II 
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I II 
CH 3 O 

OOO 

II II II 
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000 

II II II 
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/ 

-CH-OT 



pyridyl 



phenyl 




-(CH2)2 pyridyl, or 



— CH 




each n is independently 0 to 3, and the pharmaceutic ally acceptable, salts, 
esters, amides, and prodrugs thereof. 



DETAILED DESCRIPTION OF THE INVENTION 

The term "alkyl" means a straight or branched chain hydrocarbon. 
10 Representative examples of alkyl groups are methyl, ethyl, propyl, isopropyl, 

isobutyl, butyl, tert-butyl, sec-butyl, pentyl, and hexyl. 

The term "alkoxy" means an alkyl group attached to an oxygen atom. 
Representative examples of alkoxy groups include methoxy, ethoxy, tert-butoxy, 

propoxy, and isobutoxy. 
1 5 The term "halogen" includes chlorine, fluorine, bromine and iodine. 

The term "aryl" means an aromatic hydrocarbon. Representative examples 
of aryl groups include phenyl and naphthyl. 
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The term "heteroatom" includes oxygen, nitrogen, sulfur, and phosphorus. 

The term "heteroaryr means an aryl group wherein one or more carbon 
atom of the aromatic hydrocarbon has been replaced with a heteroatom. Examples 
of heteroaryl groups include furan, thiophene, pyrrole, thiazole, pyridine, 
5 pyrimidine, pyrazine, benzofuran, indole, coumarin, quinoline, isoquinoline, and 

naphthyridine. 

The aryl or heteroaryl groups may be substituted with one or more 
substituents, which can be the same or different. Examples of suitable substituents 
include alkyl, alkoxy, thioalkoxy, hydroxy, halogen, trifluoromethyl, amino, 
1 0 alkylamino, dialkylamino, -N0 2 , -CN, -C0 2 H, -C0 2 alkyl, -SO3H, -CHO, 

-COalkyl, -CONH 2 , -CONH-alkyl, -CONHR^, -CON(alkyl) 2 , -(CH 2 ) n -NH 2 , 
.(CH 2 ) n OH, -(CH 2 ) n -NH-alkyl, -NHRq, or -NHCOR^, where n is 1 to 5 and R<1 

is hydrogen or alkyl. 

The term "cycloalkyl" means a cyclic alkyl group. Examples of cycloalkyl 
15 groups include cyclopropane, cyclobutane, cyclopentane, and cyclohexane. 

The term "heterocycle" means a cycloalkyl group on which one or more 
carbon atom has been replaced with a heteroatom. Examples of heterocycles 
include piperazine, morpholino, and piperidine. 

The terms aryl, heteroaryl, cycloalkyl, and heterocycle as used herein 
20 include substituted aryl, substituted heteroaryl, substituted cycloalkyl, and 

substituted heterocycle. 

The symbol " — " means a bond. 

The compounds of Formula I can be administered to a patient either alone 
or as part of a pharmaceutically acceptable composition. The compositions can be 
25 administered to patients such as humans and animals either orally, rectally, 

parenterally (intravenously, intramuscularly, or subcutaneously), intracisternally, 
intravaginally, intraperitoneally, intravesically, locally (powders, ointments, or 
drops), or as a buccal or nasal spray. 

Compositions suitable for parenteral injection may comprise 
30 physiologically acceptable sterile aqueous or nonaqueous solutions, dispersions, 

suspensions or emulsions, and sterile powders for reconstitution into sterile 
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injectable solutions or dispersions. Examples of suitable aqueous and nonaqueous 
carriers, diluents, solvents, or vehicles include water, ethanol, polyols 
(propyleneglycol, polyethyleneglycol, glycerol, and the like), suitable mixtures 
thereof, vegetable oils (such as olive oil), and injectable organic esters such as 
ethyl oleate. Proper fluidity can be maintained, for example, by the use of a 
coating such as lecithin, by the maintenance of the required particle size in the 
case of dispersions and by the use of surfactants. 

These compositions may also contain adjuvants such as preserving, 
wetting, emulsifying, and dispensing agents. Prevention of the action of 
microorganisms can be ensured by various antibacterial and antifungal agents, for 
example, parabens, chlorobutanol, phenol, sorbic acid, and the like. It may also be 
desirable to include isotonic agents, for example sugars, sodium chloride, and the 
like. Prolonged absorption of the injectable pharmaceutical form can be brought 
about by the use of agents delaying absorption, for example, aluminum 
monostearate and gelatin. 

Solid dosage forms for oral administration include capsules, tablets, pills, 
powders, and granules. In such solid dosage forms, the active compound is 
admixed with at least one inert customary excipient (or carrier) such as sodium 
citrate or dicalcium phosphate or, 

(a) fillers or extenders, as for example, starches, lactose, sucrose, glucose, 
mannitol, and silicic acid; 

(b) binders, as for example, carboxymethylcellulose, alignates, gelatin, 
polyvinylpyrrolidone, sucrose, and acacia; 

(c) humectants, as for example, glycerol; 

(d) disintegrating agents, as for example, agar-agar, calcium carbonate, potato 
or tapioca starch, alginic acid, certain complex silicates, and sodium 
carbonate; 

(e) solution retarders, as for example paraffin; 

(f) absorption accelerators, as for example, quaternary ammonium 
compounds; 

(g) wetting agents, as for example, cetyl alcohol, and glycerol monostearate; 
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(h) adsorbents, as for example, kaolin and bentonite; and 

(i) lubricants, as for example, talc, calcium stearate, magnesium stearate, solid 
polyethylene glycols, sodium lauryl sulfate, or mixtures thereof. In the case 
of capsules, tablets, and pills, the dosage forms may also comprise 
buffering agents. 

Solid compositions of a similar type may also be employed as fillers in soft 
and hard-filled gelatin capsules using such excipients as lactose or milk sugar as 
well as high molecular weight polyethyleneglycols, and the like. 

Solid dosage forms such as tablets, dragees, capsules, pills, and granules 
can be prepared with coatings and shells, such as enteric coatings and others well 
known in the art. They may contain opacifying agents, and can also be of such 
composition that they release the active compound or compounds in a certain part 
of the intestinal tract in a delayed manner. Examples of embedding compositions 
which can be used are polymeric substances and waxes. The active compounds 
can also be in micro-encapsulated form, if appropriate, with one or more of the 
above-mentioned excipients. 

Liquid dosage forms for oral administration include pharmaceutically 
acceptable emulsions, solutions, suspensions, syrups, and elixirs. In addition to the 
active compounds, the liquid dosage forms may contain inert diluents commonly 
used in the art, such as water or other solvents, solubilizing agents and emulsifiers, 
as for example, ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, 
benzyl alcohol, benzyl benzoate, propyleneglycol, 1 ,3-butylenegIycol, 
dimethylformamide, oils, in particular, cottonseed oil, groundnut oil, corn germ 
oil, olive oil, castor oil, and sesame oil, glycerol, tetrahydrofurfuryi alcohol, 
polyethyleneglycols, and fatty acid esters of sorbitan or mixtures of these 
substances, and the like. 

Besides such inert diluents, the composition can also include adjuvants, 
such as wetting agents, emulsifying and suspending agents, sweetening, flavoring, 
and perfuming agents. 

Suspensions, in addition to the active compounds, may contain suspending 
agents, as for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol 
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and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, 
bentonite, agar-agar and tragacanth, or mixtures of these substances, and the like. 

Compositions for rectal administrations are preferably suppositories which 
can be prepared by mixing the compounds of the present invention with suitable 
non-irritating excipients or carriers such as cocoa butter, polyethyleneglycol, or a 
suppository wax, which are solid at ordinary temperatures but liquid at body 
temperature and therefore, melt in the rectum or vaginal cavity and release the 
active component. 

Dosage forms for topical administration of a compound of this invention 
include ointments, powders, sprays, and inhalants. The active component is 
admixed under sterile conditions with a physiologically acceptable carrier and any 
preservatives, buffers, or propellants as may be required. Ophthalmic 
formulations, eye ointments, powders, and solutions are also contemplated as 
being within the scope of this invention. 

The compounds of the present invention can be administered to a patient at 
dosage levels in the range of about 0. 1 to about 1 ,000 mg per day. For a normal 
human adult having a body weight of about 70 kg, a dosage in the range of about 
0.01 to about 100 mg/kg of body weight per day is preferable. The specific dosage 
used, however, can vary. For example, the dosage can depend on a numbers of 
factors including the requirements of the patient, the severity of the condition 
being treated, and the pharmacological activity of the compound being used. The 
determination of optimum dosages for a particular patient is well known to those 
skilled in the art. 

The term "pharmaceutically acceptable salts, esters, amides, and prodrugs" 
as used herein refers to those carboxylate salts, amino acid addition salts, esters, 
amides, and prodrugs of the compounds of the present invention which are, within 
the scope of sound medical judgement, suitable for use in contact with the tissues 
of patients without undue toxicity, irritation, allergic response, and the like, 
commensurate with a reasonable benefit/risk ratio, and effective for their intended 
use, as well as the zwitterionic forms, where possible, of the compounds of the 
invention. The term "salts" refers to the relatively non-toxic, inorganic and organic 
acid addition salts of compounds of the present invention. These salts can be 



PCT/US97/18514 

WO 98/16502 

-44- 

prepared in situ during the final isolation and purification of the compounds or by 
separately reacting the purified compound in its free base form with a suitable 
organic or inorganic acid and isolating the salt thus formed. Representative salts 
include the hydrobromide, hydrochloride, sulfate, bisulfate, nitrate, acetate, 
5 oxalate, valerate, oleate, palmitate, stearate, laurate, borate, benzoate, lactate, 
phosphate, tosylate, citrate, maleate, fumarate, succinate, tartrate, naphthylate 
mesylate, glucoheptonate, lactobionate, and laurylsulphonate salts and the like. 
These may include cations based on the alkali and alkaline earth metals, such as 
sodium, lithium, potassium, calcium, magnesium, and the like, as well as nontoxic 
10 ammonium, quaternary ammonium, and amine cations including, but not limited 
to ammonium, tetramethylammonium, tetraethylammonium, methylamine, 
dimethylamine, trimethylamine, triethylamine, ethylamine and the like. (See, for 
example, Berge S.M., et al., "Pharmaceutical Salts," LPJmrnvScL, 1977;66:1-19, 
which is incorporated herein by reference). 
1 5 Examples of pharmaceutical^ acceptable, non-toxic esters of the 

compounds of this invention include C r C 6 alkyl esters wherein the alkyl group is 
a straight or branched chain. Acceptable esters also include C5-C7 cycloalkyl 
esters as well as arylalkyl esters such as, but not limited to benzyl. C r C 4 alkyl 
esters are preferred. Esters of the compounds of the present invention may be 
20 prepared according to conventional methods. 

Examples of pharmaceutically acceptable, non-toxic amides of the 
compounds of this invention include amides derived from ammonia, primary 
Cl -C 6 alkyl amines and secondary C X -C 6 dialkyl amines wherein the alkyl groups 
are straight or branched chain. In the case of secondary amines the amine may also 
25 be in the form of a 5- or 6-membered heterocycle containing one nitrogen atom. 

Amides derived from ammonia, C,-C 3 alkyl primary amines and C,-C 2 dialkyl 
secondary amines are preferred. Amides of the compounds of the invention 
may be prepared according to conventional methods. 

The term "prodrug" refers to compounds that are rapidly transformed 
30 in vivo to yield the parent compound of the above formulae, for example, by 
hydrolysis in blood. A thorough discussion is provided in Higuchi T. and 
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Stella V., "Pro-drugs as Novel Delivery Systems," Vol. 14 of the A.C.S. 
Symposium Series, and in Bioreversible Carriers in Drug Design, ed. Edward B. 
Roche, American Pharmaceutical Association and Pergamon Press, 1987, both of 
which are incorporated herein by reference. 
5 In addition, the compounds of the present invention can exist in unsolvated 

as well as solvated forms with pharmaceutically acceptable solvents such as water, 
ethanol, and the like. In general, the solvated forms are considered equivalent to 
the unsolvated forms for the purposes of the present invention. 

The compounds of the present invention can exist in different 
10 stereoisomeric forms by virtue of the presence of asymmetric centers in the 

compounds; ie, each asymmetric carbon can have either the R or S configuration. 
It is contemplated that all stereoisomeric forms of the compounds as well as 
mixtures thereof, including racemic mixtures, form part of this invention. 

The compounds of the present invention are administered to a patient in 
1 5 need of ICE or Caspase-4 inhibition. In general, patients in need of ICE or 

Caspase-4 inhibition are those patients having a disease or condition in which ICE 
or Caspase-4 plays a role. Examples of such diseases include, but are not limited 
to, inflammatory diseases such as rheumatoid arthritis and inflammatory bowel 
disease, neuroinflammatory disorders such as stroke, and septic shock. Other 
20 diseases include reperfusion injury, Alzheimer's disease, and shigellosis. 

A "therapeutically effective amount" is an amount of a compound of 
Formula I that when administered to a patient having a disease that can be treated 
with a compound of Formula I ameliorates a symptom of the disease. A 
therapeutically effective amount of a compound of Formula 1 is readily determined 
25 by one skilled in the art by administering a compound of Formula I to a patient 

and observing the results. 

The following examples illustrate particular embodiments of the invention 
and are not intended to limit the scope of the specification and claims in any 
manner. 
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EXAMPLES 

The following Schemes 1 through 1 1 show generally how compounds of 
the present invention can be made. 
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Step A 
RC0 2 H, 



base(KForK 2 C0 3 ) 
DMF 



StepB 
CF 3 CQ 2 H 




10 



3-Benzyloxycarbonylamino-5-bromo-4-oxo-pentozoic acid tert-butyl ester, 
also known as Z-Asp(OtBu)-bromomethyl ketone, can be purchased commercially 
or prepared according to the procedure of Dolle, et al., J. Med. Chem. , 
1994;37:563-564. This methylbromo ketone is treated with an appropriately 
substituted carboxylic acid and a base such as potassium fluoride. Alternately, 
other bases such as potassium carbonate, cesium carbonate, or potassium 
t-butoxide could be used. The reagents should be mixed in dimethyl formamide 
(DMF), dimethylacetamide (DMA), dimethyl sulfoxide (DMSO), acetonitrile or 
other appropriate solvent and stirred at room temperature for 8 to 24 hours. The 
t-butyl ester protecting group can be removed in acidic media .preferably 
trifluoroacetic acid, to produce the carbobenzoxy aspartyl esters shown in 
Scheme 1 . 



WO 98/16502 



-48- 
Scheme 2 



PCT7US97/18514 




RCOC1 



or 

ROCOCl 



A mixture of an appropriately substituted acyloxymethyl ketone of a 
carbobenzoxy aspartyl t-butyl ester was hydrogenated with an equivalent of 
hydrochloric or other acid in the presence of a catalyst such as palladium on 
carbon to yield the amine salt. The salt can be acylated with an appropriately 
substituted isocyanate, sulfonyl chloride, chloroformate or phenylpropionyl 
chloride to afford the N-substituted derivatives. These isocyantes, sulfonyl 
chlorides, or chloro formates can be purchased commercially or synthesized by 
methods described in the chemical literature. The t-butyl ester protecting group 
be removed in the final step using acidic media, preferably trifluoroacetic acid, 
produce the acyloxy methylketone derivatives shown in Scheme 2. 



can 
to 
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StepB 
CF 3 C0 2 H 



Step A 
2 R^C^H, 



^C0 2 Bu 



Coupling reagent, 
HOBT, base 



° ^CO.H ° 



In a manner similar to Example 2, the amine salt of the acyloxymethyl 
5 ketone of Z-Asp(Ot-Bu)OH was synthesized and treated with an appropriately 

substituted carboxylic acid and coupling reagent. The coupling agent may be, but 
is not limited to, such reagents as 1,3-dicyclohexylcarbodiimide (DCC), 
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), 
U'-carbonyldiimidazole (CDI), l.l'-carbonylbisO-methylimidazolium) triflate 
10 (CBMIT), isobutylchloroformate, benzotriazol-1 -yloxytris(dimethylamino)- 
phosphonium hexafluorophosphate (BOP), 2-(3,4-dihydro-4-oxo-l,2,3- 
benzotriazin-3-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (TDBTU), and 
2.(lH-benzotriazol-l-yl)-l,l,3,3-tetramethyluronium hexafluorophosphate 
(HBTU). 1-Hydroxybenzotriazole hydrate should be added to the reaction to 
1 5 improve yield and limit isomerization and base, preferably an amine such as 

trimethyl amine or methyl morpholine should be added as an acid scavenger. The 
resulting amide product was treated with acidic media, preferably trifluoroacetic 
acid, to remove the t-butyl ester and produce the final products as described in 
Scheme 3. 
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Ha.H.N^JCo^R 2 R-coxcx-a-F) . 



StepB 
CF 3 C0 2 H 



*C0 2 l Bu 



o o 



10 



In a manner similar to Example 2, the amine salt of the acyloxymethyl 
ketone of Cbz- Asp(OtBu)OH was synthesized and treated with an appropriately 
substituted acid chloride or acid fluoride to generate an amide product. The acid 
chlorides were purchased commercially or were prepared by treating carboxylic 
acids with agents such as thionyl chloride, phosphorous tribromide, or oxalyl 
chloide/DMF. The acid fluorides were prepared by treating a carboxylic acid with 
cyanuric fluoride. The penultimate amide product was treated with acidic media 
preferably trifluoroacetic acid to remove the t-butyl ester and afford the final 
products as described in Scheme 4. 
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Coupling reagent, r 

2. NaOH 




StepB 

Formation of the 

. 1 

bromo methyl ketone 



StepC 
RC0 2 H, KF> 

DMF 



10 



15 



StepD 
CF 3 C0 2 H 



° ^CO,H ° 



The hydrochloride salt of H-Asp(OtBu)OMe was treated with an 
appropriately substituted carboxylic acid and coupling reagent. The coupling agent 
may be but is not limited to such reagents described in Example 3. 
1-Hydroxybenzotriazole hydrate should be added to the reaction to improve yield 
and limit isomerization and base, preferably an amine such as trimethyl amine or 
methyl morpholine should be added as an acid scavenger. The resulting amide 
product was treated with an alkaline reagent such as sodium hydroxide to 
hydrolyze the methyl ester to the carboxylic acid. The resulting acid was treated 
with a chloroformate such as isobutylchloroformate, followed by diazomethane 
and then hydrobromic acid to afford the methyl bromo ketone. Treatment of the 
methylbromo ketone with an appropriately substituted carboxylic acid and a base 
such as potassium fluoride (as described in Example 1) produced the desired 
acyloxymethyl ketones which were deprotected as described previously with 
trifluoroacetic acid to afford the final compounds as described in Scheme 5. 
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i. Coupling of Cbz-AA 
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I iii. Coupling of Cbz-AA 
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StepG 
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RC0 9 H, KF, DMF ester protecting groups 
£. ► ► 



P = Protecting group 



Step E 

Formation of the bromo 
methyl ketone 



^C0 2 H 



15 



The hydrochloride salt of H-Asp(OtBu)OMe was treated with an 
appropriately protected amino acid and coupling reagent. The coupling agent may 
5 be, but is not limited to, such reagents as described in Example 3 . 

1-Hydroxybenzotriazole hydrate should be added to the reaction to improve yield 
and limit isomerization and base, preferably an amine such as trimethyl amine or 
methyl morpholine should be added as an acid scavenger. The resulting amide 
product was treated with an alkaline reagent such as sodium hydroxide to 
10 hydrolyze the methyl ester to the carboxylic acid. The Cbz-amine protecting group 
was removed using standard catalytic hydrogenation conditions and coupling of 
another protected amino acid can proceed as described above. This process was 
repeated until the peptide was the desired length. The resulting peptide product 
treated with an alkaline reagent such as sodium hydroxide to hydrolyze the 
thyl ester to the carboxylic acid. The resulting acid was subsequently treated 
with a chloroformate such as isobutylchloroformate, followed by diazomethane 
and then hydrobromic acid to afford the methylbromo ketone. Treatment of the 
methylbromo ketone with an appropriately substituted carboxylic acid and a base 
such as potassium fluoride (as described in Example 1) produced the desired 
20 acyloxymethyl ketones which were deprotected as described previously with 
trifluoroacetic acid to afford the final compounds as described in Scheme 6. 
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Step A 
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StepB 
RC0 2 H, 



Coupling reagent 



StepC 
CF 3 C0 2 H 




The appropriately substituted acyloxymethyl ketone of a protected amino 
acid was synthesized as described in Example 7. The Cbz-amine protecting group 
was removed using standard catalytic hydrogenation conditions, and the amine 
product was treated with an appropriately substituted carboxylic acid and a 
coupling reagent. The coupling agent may be, but is not limited to, such reagents 
described in Example 3. 1 -Hydroxybenzotriazole hydrate should be added to the 
reaction to improve yield and limit isomerization and base, preferably an amine 
such as trimethyl amine or methyl morpholine should be added as an acid 
scavenger. The penultimate amide product was treated with acidic media 
preferably trifluoroacetic acid to remove the t-butyl ester and afford the final 
products as described in Scheme 7. 
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Trans-l,2-cyclohexanedicarboxylic anhydride was treated with the amine 
salt of an appropriately substituted acyloxymethyl ketone of aspartyl t-butyl ester 
in the presence of pyridine and 4-dimethylaminopyridine (DMAP) to yield the 
amide product. The carboxylic acid can be functionalized with appropriately 
substituted amines or alcohols and standard coupling reagents as described in 
Example 3 to afford amide and ester products. The penultimate product was 
treated with acidic media, preferably trifluoroacetic acid, to remove the t-butyl 
ester and afford the final products as described in Scheme 8. 
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1 . Oxidation 



2. CF 3 C0 2 H 




Methyl methacrylate was treated with the anion of an appropriately 
substituted sulfide to afford the Michael adduct which was hydrolyzed in basic 
media such as sodium hydroxide to produce the carboxylic acid. This acid was 
combined with the amine salt of the acyloxymethyl ketone of aspartyl t-butyl ester 
and a coupling reagent such as those described in Example 3 to obtain the amide 
product. If the sulfide (where n= 0) is the desired product, no oxidation step is 
employed, and the amide t-butyl ester is deprotected in acidic media, preferably 
trifluoroacetic acid, to afford the final product. Alternately, if the sulfoxide (n = 1) 
or sulfone (n = 2) is the final product, the amide intermediate is treated with an 
oxidizing agent which may be, but is not limited to, m-chloroperbenzoic acid, 
potassium monoperoxysulfate, or sodium perborate to obtain the desired oxidized 
product. The t-butyl ester of the penultimate intermediate was deprotected in 
acidic media, preferably trifluoroacetic acid, to afford the final compounds as 
described in Scheme 9. 
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A 4-substituted-2-oxazolidinone chiral auxiliary as described by Evans, 
et al., T Org. Chem. , 1985;50:1830 was mixed with a base, such as but not limited 
to, n-butyl lithium followed by treatment with an appropriately substituted acid 
chloride or other activated carboxylic acid to afford the N-acylated product. This 
5 product was subsequently treated with a base such as, but not limited to, sodium 
bis(trimethyl S ilyl)amide and t-butyl bromoacetate to produce the alkylated chiral 
product. The chiral auxiliary was removed using lithium hydroxide and hydrogen 
peroxide to obtain the chiral acid. Treatment of the acid with the amine salt of 
H-As P (OBz)0-allyl and a coupling reagent as described in Example 3 afforded the 

10 succinyl amide product. 

At this stage of the process, the product can be elaborated in one of two 
ways. First the t-butyl ester was removed in acidic media, preferably 
trifluoroacetic acid, and the resulting acid was coupled with an appropriately 
substituted amine in the presence of a coupling reagent as described in Example 3 
15 to form a new amide product. The allyl ester was removed with phenylsilane and 
tetraki S (triphenyl-phosphine)p a lladium or other Pd(0) catalyst to obtain the 
carboxylic acid, and the acid was converted to the methylbromo ketone and 
subsequently to the acyloxymethyl ketone as described in Example 5. The 
penultimate intermediate was subjected to catalytic hydrogenation to remove the 
benzyl ester and afford the final amide products as described in Scheme 10. 

Alternatively, in a second route to the final products, the allyl ester is 
removed using phenylsilane and tetrakistetrakis(triphenylphosphine)palladium or 
other Pd(0) catalyst to obtain the carboxylic acid. This acid is converted to the 
methylbromo ketone and subsequently to the acyloxymethyl ketone as described in 
Example 5. Removal of the t-butyl ester of the acyloxymethyl ketone with 
trifluoroacidic acid and subsequent conversion of the resulting carboxylic acid to 
the ester resulted in a new ester product. The esterification can be accomplished 
using a variety of literature techniques which includes but is not limited to 
treatment of the carboxylic acid with an appropriately substituted alcohol in the 
presence of a coupling reagent. The penultimate intermediate was subjected to 
catalytic hydrogenation to remove the benzyl ester and afford the final ester 
products as described in Scheme 10. 
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The appropriately substituted S-acetyl mercapto carboxylic acid was 
treated with benzyl bromide and 1 ,8-diazobicyclo[5.4.0]undec-7-ene (DBU) to 
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produce the benzyl ester which was subsequently reacted with chlorine gas to yield 
the sulfonyl chloride. The sulfonyl chloride was treated with N,N-bis(p- 
methoxybenzyl)amine to afford the sulfonamide which was subjected to catalytic 
hydrogenation to obtain the intermediate carboxylic acid. The acid was activated 
using cyuranic fluoride which was then mixed with the amine salt of H-Asp(Ot- 
Bu)OMe to produce the amide product. The methyl ester was hydrolyzed with 
sodium hydroxide, and the carboxylic acid was elaborated to the acyloxymethyl 
ketone by chemistry previously described for Example 5. The p-methyoxybenzyl 
protecting groups of the sulfonamide were removed using oxidizing conditions 
preferably, but not limited to eerie ammonium nitrate, and the t-butyl ester 
protecting group was removed in acidic media preferably with trifluoroacetic acid 
to afford the desired sulfonamide products as described in Scheme 11. 
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EXAMPLE 1 

,p^- n , ^ arh nnvl a n 1 ino-5- rn fl phthale ne-l-Yl-acetoxv>-4-nxo-pentanoicacid 
Step A 

A mixture of Z-Asp(OtBu)-bromomethylketone (Z is carbobenzoxy, also 
5 known as cbz, Asp is aspartic acid and tBu is tert-butyl) (2.03 g, 5.07 mmol, 

purchased from BACHEM Bioscience Inc. or prepared according to the procedure 
of Dolle R.E., et al., [T Med. Chem. , 1994;37:563-564]), 1-naphthylacetic acid 
(1.00 g, 5.37 mmol) and potassium fluoride (0.74 g, 12.74 mmol) in 10 mL of 
dimethylformamide (DMF) was stirred at room temperature for 12 hours. The 
10 mixture was partitioned between ethyl acetate and saturated NaHC0 3 solution. 

The ethyl acetate extract was washed with saturated KH 2 P0 4 and brine solutions, 
dried (MgS0 4 ), filtered, and concentrated. Medium pressure chromatography 

(silica gel, 75% hexanes-25% ethyl acetate) of the crude oil afforded 

3- benzyloxycarbonylamino-5-(naphthalene-l-yl-acetoxy)-4-oxo-pentanoicacid 

15 tert-butyl ester as a colorless oil. 

StepB 

A solution of 3-benzyloxycarbonylamino-5-(naphthalene-l-yl-acetoxy)- 

4- oxo-pentanoic acid tert-butyl ester (0.500 g, 0.989 mmol, Example 1, Step A) 
and trifluoroacetic acid (10 mL, 0.13 mol) in 20 mL of dichloromethane was 

20 stirred at room temperature for 2 hours. The solution was concentrated to give the 

title compound as a foamy white solid. 
Analysis calculated for C 2 5H23NO7-0.70H 2 O (462.075): 

C, 64.98; H, 5.32; N, 3.03. 
Found: C, 64.94; H, 5.01; N, 3.01. 

25 In a process analogous to Example 1 , the corresponding compounds were 

prepared: 
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EXAMPLE la 

3-Benzvloxvcarbonvlamino-4-oxo-5-f3-Dhenvl-proDionv loxvVDentanoic acid, as 
white solid. 

Analysis calculated for C 22 H 2 3NO 7 .0.25H2O (417.935): 

C, 63.23; H, 5.67, N, 3.35. 
Found: C, 63.19; H, 5.55; N, 3.27. 

EXAMPLE lb 

3-Benzvloxvcarbonvlamino-5-r3-cvclohexvl-propionvloxvV4-oxo-pentanoicacid a 
as white foamy solid. 

Analysis calculated for C22H29 NO 7' 0 - 67H 2° (431.489): 

C, 61.24; H, 7.09; N, 3.25. 
Found: C, 61.25; H, 6.85; N, 3.21. 

EXAMPLE lc 

3-Benzvloxvcarbonvlamino-5-rrnaphthalene-l-vl-oxv > >-acetoxv1-4-oxo-pentanoic 
acid , as white foamy solid. 

Analysis calculated for C 2 5H23NO 8 .0.40H 2 O (472.670): 

C, 63.53; H, 5.08; N, 2.96. 
Found: C, 63.55; H, 4.87; N, 2.77. 

EXAMPLE Id 

3-Benzvloxvcarbonvlamino-4-oxo-5-phenoxvacetoxv-pe ntanoic acid, as foamy 
white solid. 

Analysis calculated for C2iH 2 iNO 8 -0.67H 2 O (427.414): 

C, 59.01; H, 5.27; N, 3.28. 
Found: C, 58.99; H, 4.91; N. 3.15. 
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EXAMPLE le 

^R^lnxv^^^ acid , as 

white solid. 

Analysis calculated for C 2 lH 2 lN0 7 S (431.468): 

C, 58.46; H,4.91;N, 3.25. 
Found: C, 58.08; H, 4.83; N, 3.14. 

EXAMPLE If 

^n^^^v Y^rhnnvlamino-S - rf^-^^nxv-naDhth^mP-l-vD-acetoxYl^-oxo- 

pentanoic acid, as off-white solid. 

Analysis calculated for C 26 H 25 N0 8 .H 2 0 (497.506): 

C, 62.77; H, 5.47; N, 2.82. 
Found: C, 62.73; H, 5.24; N, 2.61. 

EXAMPLE lg 

,p^^,^ y .c. r h»nvl am ino-5-( naphthalene -2-vl-ace tox vV4-oxo-pentanoicacid , 

as off-white solid. 

Analysis calculated for C 25 H 2 3NO 7 .0.80H 2 O (463.877): 

C, 64.73; H, 5.34; N, 3.02. 
Found: C, 64.64; H, 4.94; N, 2.88. 

EXAMPLE lh 

1 p„^.,^ y ^ r ^nvl am ino-5-(3- naphthalene -2-vl- P ropionyloxv)-4.oxo-pentanoic 
acid , as white solid. 

Analysis calculated for C 26 H 25 N0 7 (463.492): 

C, 67.38; H, 5.44; N, 3.02. 
Found: C, 64.39; H, 5.10; N, 2.76. 

EXAMPLE li 

, D ^,w Y . g rhnnvl am ino-5 -^ ^iph™vl-nror,ionvlox V V4-oxo-pentanoic acid, 
as foamy tan solid. 
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Analysis calculated for C28H27NO7 (489.530): 

C, 68.70; H,5.56; N, 2.86. 
Found: C, 66.68; H, 5.72; N, 3.07. 

EXAMPLE lj 

off-white solid. 

Analysis calculated for C 23 H 22 N 2 O 7 .0.90H 2 O (454.655): 

C, 60.76; H,5.28;N, 6.16. 
Found: C, 60.76; H, 4.88; N, 5.65. 

EXAMPLE lk 

VR.nTvloxvcarbo n y^mino-S-fin d ^l-l-vl-^etoxv^^-oxo-pentanoicacid , as light 
purple solid. 

Analysis calculated for C 2 3H 22 N 2 O 7 .0.75H 2 O (451 .952): 
C, 61.12; H, 5.24; N, 6.20. 
15 Found: C, 61.20; H, 5.1 1; N, 5.90. 

EXAMPLE 11 

i- R ^v Y lnvv^rhonvla minn-Vr9-n a nhthalene-l-vl-propionyloxY)-4-oxo-pentanoic 
acid , as white solid. 

Analysis calculated for C 2 6H25NO 7 -0.20H 2 O (467.095): 
20 C, 66.86; H, 5.48; N, 3.00. 

Found: C, 66.87; H, 5.61; N, 2.71. 

EXAMPLE lm 

^tt^ ^lnvvc. a rhnnvlam ^»-4-»vo-5-r(2-oxo-PVrrolidin-l-vl)-acetoxYl-pentanoic 

acid , as white solid. 
2 5 Analysis calculated for Ci 9 H 22 N 2 O 8 .0.50H 2 O (41 5.403): 

C, 54.94; H, 5.58; N, 6.74. 
Found: C, 55.18; H, 5.72; N, 6.36. 
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EXAMPLE In 

54rAceWl-phenvl-amino)-acetoxv1-3-benzvloxvcarbonvl-amino-4-oxo-pentanoic 
acid , as off-white solid. 

Analysis calculated for C23H24N 2 O 8 *0.70NaHCC>3(5 15.264): 

C, 55.25; H, 4.83; N, 5.44. 
Found: C, 55.03; H, 4.86; N, 5.41. 

EXAMPLE lo 

3-BenzvloxYcarbonvlamino-5-(2-benzvl-3-phenvl-propionvloxvV4-oxo-pentanoic 

acid , potassium salt as hygroscopic white solid. 

Analysis calculated for C29H28NO7.K.O.9OH2O (557.865): 

C, 62.44; H, 5.38; N, 2.51. 
Found: C, 62.40; H, 5.19; N, 2.17. 

EXAMPLE lp 

3-Benzvloxvcarbonvlamino-5-(hvdroxv-naphthalene-l-vl-acetoxv)-4-oxo- 
pentanoic acid , as white solid. 

Analysis calculated for C25H23NO 8 «0.30H 2 O (470.869): 

C, 63.77; H, 5.05; N, 2.98. 
Found: C, 63.73; H, 4.87; N, 2.93. 

EXAMPLE Iq 

3-Benzvloxvcarbonvlamino-4-oxo-5-r(phenvl-aminoVacetoxvl-pentanoic acid, 
trifluoroacetic acid salt , as brown solid. 

Analysis calculated for C21H22N2O7.O.5OCF3CO2H (471.431): 

C, 56.05; H, 4.81; N, 5.94. 
Found: C, 55.72; H, 4.98; N, 5.78. 

EXAMPLE lr 

3-Benzvloxvcarbonvlamino-5-r(6-hvdroxv-naphthalene-l-vlVacetoxv1-4-oxo- 
pentanoic acid , as white solid. 
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Analysis calculated for C25H 2 3NOg.0.40H 2 O (472.670): 

C, 63.53; H, 5.08; N, 2.96. 
Found: C, 63.53; H, 5.25; N, 2.83. 

EXAMPLE Is 

3-Benzvloxvcarbonvlamino-5-r3-(4-hvdroxv-phenvlV2-naphthalene-l-vl- 
propionyloxv)-4-oxo-pentanoic acid , as white solid. 
Analysis calculated for C32H2aNOg«0.50H2O (564.598): 

C, 68.08; H, 5.36; N, 2.48. 
Found: C, 67.98; H, 5.40; N, 2.34. 

EXAMPLE It 

( , SV3-Benzvloxvcarbonvlamino-4-oxo-5-phenvlacetoxv-pentanoic acid 
*H NMR (400 MHz, d 6 DMSO) 7.31 (m, 10H), 5.05 (s, 2H), 4.92 (m, 2H), 
4.45 (m, 1H), 3.75 (s, 2H), 2.71 (dd, 1H), 2.52 (dd, 1H) 

EXAMPLE lu 

(S)-3-Benzvloxvcarbonvlamino-4-oxo-5*(4Tphenvl-butvrvloxv)"Pentanoic acid 
*H NMR (400 MHz, d 6 DMSO) 7.86 (bs, 1H), 7.27 (m, 10H), 5.05 (s, 2H), 
4.91 (m, 2H), 4.46 (m, 1H), 2.72 (dd, 1H), 2.61 (t, 2H), 2.52 (dd, 1H), 2.36 (t, 
2H), 1.83 (m, 2H) 

EXAMPLE lv 

3-Benzvloxvcarbonvlamino-4-oxo-5-r(4-phenvl-naphthalen-l-yl)-acetoxv]- 
pentanoic acid , as a white solid, mp 111-1 19°C, dec. 
Analysis calculated for C31H27NO7 (525.563): 

C, 70.85; H, 5.18; N, 2.67. 
Found: C, 70.60; H, 5.11; N, 2.64. 
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EXAMPLE lw 

pentanoic acid , as a white solid, mp 94-100°C, dec. 
Analysis calculated for C 26 H 25 NO r 0.15 H 2 0 (466.194): 

C, 66.99; H, 5.47; N, 3.00. 
Found: C, 66.95; H, 5.32; N, 2.94. 

EXAMPLE lx 

1 ri „ lr , nTTrnT ^„ v u m; ^-»vn-5-rM.thinrhr-n - y l-m phth^n-l -yl)-acetoxy1- 
P^ntonoic acid , as an off-white solid, mp 63-68°C, dec. 
Analysis calculated for C^H^NOyS (531.589): 

C, 65.52; H, 4.74; N, 2.63. 
Found: C, 65.32; H, 5.08; N, 2.47. 

EXAMPLE ly 

, r , |1 _ rlnTT „„.u^ y ,^ ; nn. S -ra-flnoro-nHphthalen-l-ylVacetoxy1-4-oxo- 
p.ntanoic acid, as a white solid, mp 100-103°C, dec. 
Analysis calculated for C 25 H 22 FN0 7 (467.455): 

C, 64.24; H, 4.74; N, 3.00. 
Found: C, 63.98; H, 4.52; N, 2.89. 

EXAMPLE lz 

^ rn „,^ Y ^^^ yl am ino-5-r H - m P thvl-nap hthale n -1-yl)-acetoxy1-4-oxo- 

pentanoic acid , as a white solid, mp 139-144°C. 
Analysis calculated for C 25 H 25 N07 (463.492): 

C, 67.38; H, 5.44; N, 3.02. 
Found: C, 67.09; H, 5.44; N, 2.84. 



25 



EXAMPLE laa 

^^i»vvr,rr,onv'-~'™- ^fQ.flnoro-.nnhth.l.n-l -yl)-acetoxyl-4-ox 0 - 
pentanoic acid , as a white solid, mp 98-102°C. 
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Analysis calculated for C25H22FNO7 (467.455): 

C, 64.24; H, 4.74; N, 3.00. 
Found: C, 63.57; H, 4.47; N, 2.85. 

EXAMPLE lbb 

5-(Benzofuran-4-vl-acetoxvV3-benzvloxvcarbonvlamino-4-oxo-pentanoic acid , as 
light yellow oil. 

Analysis calculated for C23H2iNOg»0.65 H2O (451.136): 

C, 61.24; H, 4.98; N, 3.10. 
Found: C, 61.22; H, 4.80; N, 2.98. 

EXAMPLE lcc 

5-fBenzorb1thiophen-7-vl-acetoxvV3-berizvloxvcarbonvlarnino-4-oxo-pentanoic 
acid , as light yellow oil. 

Analysis calculated for C23H 2 iN07S-1.5 H 2 0 (482.513): 

C, 57.25; H, 5.01; N, 2.90. 
Found: C, 57.35; H, 4.82; N, 2.76. 

EXAMPLE Idd 

5-(Ben2orblthiophen-4-vl-acetoxvV3-benzvloxvcarbonvlamino-4-oxo-pentanoic 

acid , as a foamy off-white solid. 

Analysis calculated for C23H21NO7S (455.490): 

C, 60.65; H, 4.65; N, 3.08. 
Found: C, 60.90; H, 4.90; N, 2.92. 

EXAMPLE lee 

5-[f4-Benzvl-naphthalen-l-vn-acetoxv1-3-benzvloxvcarbonvlamino-4-oxo- 
pentanoic acid , as a white solid, mp 66-77°C, dec. 
Analysis calculated for C32H 2 9NO 7 »0.30 H 2 0 (544.995): 

C, 70.52; H, 5.48; N, 2.57. 
Found: C, 70.55; H, 5.35; N, 2.49. 
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EXAMPLE Iff 
^^1ny y ^rhonvlamino - H(^^ 
pentanoic acid , as a foamy light yellow solid. 
Analysis calculated for C 25 H 25 NO 7 -0.20 H 2 0 (455.084): 

C, 65.98; H, 5.63; N, 3.08. 
Found: C, 66.06; H, 5.74; N, 3.04. 

EXAMPLE Igg 

^R^lny ycarhonvlam^ ^ 

pentanoic acid , as a tan solid, mp 122-129°C, dec. 
Analysis calculated for C 23 H 2 lBrN 2 0 7 (517.342): 

C, 53.40; H, 4.09; N, 5.41. 
Found: C, 53.77; H, 3.94; N, 5.25. 

EXAMPLE lhh 

VRen^loxvcarbnnvlamino-5-(? 4-di phenvl-butvrvloxv)-4-oxo-pentanoic acid , as 
a hygroscopic white solid. 

Analysis calculated for C 29 H 2 9NO 7 -0.30 H 2 0 (508.962): 

C, 68.44; H, 5.86; N, 2.75. 
Found: C, 68.41; H, 5.92; N, 2.56. 

EXAMPLE lii 

pentanoic acid as a hygroscopic light green solid. 
Analysis calculated for C 28 H 28 N 2 O 7 *0.50 H 2 0 (513.552): 

C, 65.49; H, 5.69; N, 5.46. 
Found: C, 65.58; H, 5.62; N, 5.19. 

EXAMPLE ljj 

?,ft mw 1oxvcarbowl^ 

acetoxvl-pentanoic acid , as a white solid, mp 75-83°C, dec. 
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Analysis calculated for C25H27 N °7 (453.496): 

C, 66.21; H, 6.00; N, 3.09. 
Found: C, 66.02; H, 5.89; N, 2.96. 

EXAMPLE lkk 

5 VR^zvloxvcarbnnvlamino-S-rfl - ^^^esulfonvl-nirmdin^-YlVacetoxYH- 

nxn- pentanoic acid as a yellow amorphous solid. 

Analysis calculated for C21H28N2O9S.O.25 EtOAc (506.556): 

C, 52.16; H, 5.97; N, 5.53. 
Found: C, 5 1 .96; H, 6.09; N, 5.22. 

10 EXAMPLE 111 

^R.n. ylnvvrarhonvla^in^-^nxo-S-rf ? 3 . 5 , 6 -t etrarneth vl-phenyl)-acetoxv1- 

pentanoic acid , mp 139-145°C. 
Analysis calculated for C25 H 29 N °7 : 
C, 65.92; H, 6.42; N, 3.07. 
15 Found: C, 65.66; H, 6.30; N, 2.97. 

EXAMPLE 1mm 

^ (R^^thiazol^-vl- p ^tnvvVVhenzvloxvcarbonvlamino^-oxo-pentanoicacid , 

as a white solid. 

Analysis calculated for C 2 2H20N2O 7 S-0.15 CF 3 C0 2 H (473.582): 
20 C, 56.56; H, 4.29; N, 5.92. 

Found: C, 56.52; H, 4.09; N, 6.02. 

EXAMPLE Inn 

S-(Rpn 7 nfiir an -3-vl-^^nvvV3-benz y 1nvvr.arbonvlamino-4-oxo-pentanoicacid as 

a foamy white solid. 
25 Analysis calculated for C 23 H 2 iNO 8 .0.14 CF 3 C0 2 H (455.389): 

C, 61.40; H, 4.68; N, 3.08. 
Found: C, 61.49; H, 4.86; N, 3.13. 
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EXAMPLE loo 

5-(BenzpJMhi^ 

acid , mp 110-1 1 1°C. 

Analysis calculated for C23H21NO7S: 

C, 60.65; H, 4.65; N, 3.08; S, 7.04. 
Found: C, 60.45; H, 4.67; N, 3.02; S, 7.07. 

EXAMPLE lpp 

^-Rpn 7 y1nxvcarbonvlamino-4-oxo-5 43-phenvl-3-pvridin-2-yl-propionYloxY)- 

pentanoic acid , as an amorphous white solid. 

Analysis calculated for C 2 7H26 N 2°7 #CF 3 co 2H (604.542): 

C, 57.62; H, 4.50; N, 4.63. 
Found: C, 57.32; H, 4.65; N, 4.46. 

EXAMPLE Iqq 

^-Rpn 7 Ylnxvcarbonvlarnino-5-r(2.3-d ichloro-Dhenv1Vacetoxv1-4-oxo-pentanoic 
add, as a white solid. 

Analysis calculated for C2lH 19 Cl 2 NO7-0.18 CF 3 C0 2 H (488.818): 

C, 52.48; H, 3.96; N, 2.86. 
Found: C, 52.46; H, 4.03; N, 2.80. 

EXAMPLE lrr 

^-Ren ^loxvcarbonvlamino-S-r^-r n ethvl-naphthalen-l-vn-acetoxyl^-oxo- 
pentanoic acid , as a gray solid. 

Analysis calculated for C26H25NO7.O.2O CF 3 C0 2 H (486.296): 

C, 65.21; H, 5.22; N, 2.88. 
Found: C, 65.21; H, 5.30; N, 2.88. 



EXAMPLE lss 

3-Renzvloxvcarhonvlamino-S-rr2-iodo-ph e nvn-acetoxv1-4-oxo-pentanoic acid, as 
an off-white hygroscopic solid. 



SIS 
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Analysis calculated for C21H20INO7 (525.300): 

C, 48.02; H, 3.84; N, 2.67. 
Found: C, 48.33; H, 3.88; N, 2.66. 

EXAMPLE Itt 

5 3-BenzxlP20^^ 

acid , trifluoroacetic acid salt as an off-white solid. 

Analysis calculated for C2lH22N207-CF 3 C0 2 H (528.443): 

C, 52.28; H, 4.39; N, 5.30. 
Found: C, 52.26; H, 4.36; N, 5.19. 

10 EXAMPLE luu 

3-Benzvloxvcarbonvlamino-5-r(5-metho xv-naphthalen-l-vl)-acetoxy1-4-oxo- 

pentanoic acid , as a white solid. 

Analysis calculated for C 2 6H25NO 8 -0.03 CF 3 C0 2 H (482.912): 
C, 64.82; H, 5.22; N, 2.90. 
15 Found: C, 64.86; H, 5.22; N, 2.92. 

EXAMPLE lw 

3-Rer^vloxvcarhonvlarnino-5-[f8-meth v l-naphthalen-l-vn-acetoxy1-4-oxo- 
pentanoic acid , as a tan solid. 

Analysis calculated for C 2 6H 2 5NOr0.2 CF 3 C0 2 H (486.297): 
20 C, 65.21; H, 5.22; N, 2.88. 

Found: C, 65.16; H, 5.38; N, 2.73. 

EXAMPLE lww 

l-Renzvloxvcarhonvlamino-5-[^H-f1uoren- 9-vlVacetoxvl-4-oxo-pentanoicacid 
MS (APCI) m/z 488.4 (M+l) 
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EXAMPLE lxx 

3-Ber^loxvcarhonvlamino-S-rri011-dih v dro-5H-dibenzora,dlcvclo 
acetoxvl-4-oxo-pentanoic acid 
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EXAMPLE lyy 
5-Qxo-l-(toluene-4-sulfonvn-Dvrrolidine-2-carboxylic acid 3- 
benzvloxvcarbonvlamino-4-carb oxv-2-oxo-butvl ester 
MS (APCI) m/z 547.3 (M+l) 

EXAMPLE lzz 

5-Oxo-Dvrrolidine-L2-dicarboxvlic acid 1 -benzy l ester 2-(3-benzyloxycarbonyl- 
amino-4-carboxv-2-oxo-butyQ ester 
MS (APCI) m/z 527.3 (M+l) 

EXAMPLE laaa 

1 -Berizovl-pvrrolidine-2-carboxvlic acid 3-benzvloxvcarbonylamino-4-carboxy-2 - 

oxo-butvl ester 

MS (APCI) m/z 483.0 (M+l) 

EXAMPLE lbbb 

Pyrrolidine- 1.2-dicarboxvlic acid 1-benzvl ester 2-G-benzvloxycarbonylamino-4- 
carboxy-2-oxo-butvn ester 
MS (APCI) m/z 469.1 (M-43) 

EXAMPLE lccc 

3-Benzvloxvcarbonvlamino-5-(2-ben7vl-3-DhenvU propionvloxvV4-oxo-pentanoic 
acid 

MS (ESI) m/z 502.4 (M-H) 

EXAMPLE lddd 

3-Beri2ryloxvcarbonvlamino-5-rf5-cva no-naDhthalen-l-vn-acetoxy1-4-oxo- 
pentanoic acid , as a tan solid. 
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Analysis for C 26 H22N 2 Or0.07 CF 3 C0 2 H (482.456) 

C, 65.08; H, 4.61; N, 5.81. 
Found: C, 65.03; H, 4.79; N, 5.64. 

EXAMPLE 1 eee 

^R.n^vlo X vc f .rhnnv1 a mino-4-oy »- < ;-n-nhenvl-3-PvriHin-3-Yl-propionvloxY)- 
pentanoic acid as an orange solid. 

Analysis calculated for C 27 H 26 N2Orl.02 CF 3 C0 2 H (606.822): 

C, 57.48; H, 4.49; N, 4.62. 
Found: C, 57.45; H, 4.69; N, 4.29. 

EXAMPLE lfff 

, Do ^^ VY . q ^nnv1 am ino-4- ov»-^-rVnhenvl-3-nvTidin-4-Yl-propion Y loxy)- 

pentanoic acid , as a tan solid. 

Analysis calculated for C 2 7H 2 6N20r » -23 CF 3 C0 2 H (630.767): 

C, 56.10; H, 4.35; N, 4.44. 
Found: C, 56.10; H, 4.50; N, 4.25. 

EXAMPLE lggg 

, p^,w y . gr h»nvl a mino-4-o™-S- rn -nxo-3.4-dihvdro-1 H-isoquinolin-2-yQ- 
acetoxv l-pentanoic acid 

MS (ESI) m/z 469.1 (M+l). (l-Oxo-3,4-dihydro-lH-isoquinolin-2-yl)-acetic acid 
was prepared according to the procedure of W. K. Anderson, et al., J. Med. Chem. , 
1988;3 1:2097. 

EXAMPLE 2 

, n^.^ < .c„ifnn Yl am ino-5-fn a phth a l e n-1 ■vl-arptoxy)-4-oxo-pentanoic acid 
Step A 

A mixture of 3-benzyloxycarbonylamino-5-(naphthalen-l-yl-acetoxy)-4- 
oxo-pentanoic acid tert-butyl ester (1.495 g, 2.956 mmol, Example 1, Step A), 
20% Pd/C (0.50 g) and concentrated hydrochloric acid (1 .00 mL, 12.1 mmol) in 
25 mL of ethanol was hydrogenated under balloon pressure at room temperature 
for 2 hours. The mixture was filtered through a pad of Celite, and the filtrate was 
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concentratedto give 3-amino-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid, 
tert-butyl ester hydrochloride as a foamy off-white solid. 

StepB 

To a solution at 0°C under nitrogen of 3-amino-5 (naphthalen-l-yl- 
acetoxy)-4-oxo-pentanoic acid, tert-butyl ester hydrochloride (0.239 g, 
0 587 mmol, Example 2, Step A) in 10 mL of acetonitrile was added dropwise (via 
syringe) benzenesulfonyl chloride (0.075 mL, 0.588 mmol), followed by dropwise 
addition of 4-methylmorpholine (0.20 mL, 1.819 mmol). The solution was 
allowed to slowly warm to room temperature overnight. The solution was 
concentrated, redissolved into ethyl acetate and washed with saturated NaHC0 3 , 
saturated KH 2 P0 4 and brine solutions. The ethyl acetate extract was dried 
(MgS0 4 ), filtered, concentrated and chromatographed (silica gel, 80% hexanes- 
20% ethyl acetate) to give 3-benzenesulfonylamino-5-(naphthalen-l-yl-acetoxy> 
4-oxo-pentanoic acid, tert-butyl ester as a light yellow oil. 

StepC 

A solution of 3-benzenesulfonylamino-5-(naphthalen-l-yl acetoxy)-4-oxo- 
pentanoic acid, tert-butyl ester (0.136 g, 0.266 mmol, Example 2, Step B) and 
10 mL of trifluoroacetic acid in 20 mL of dichloromethane was stirred at room 
temperature for 1 hour. The solution was concentrated to give the titled compound 

as a foamy off-white solid. 

Analysis calculated for C23H2lNO 7 S.0.75H 2 O (469.002): 

C, 58.90; H, 4.84; N, 2.99. 
Found: C, 58.94; H, 4.73; N, 3.02. 

In a process analogous to Example 2, using the appropriately substituted 
isocyantes, appropriately substituted sulfonyl chlorides, appropriately substituted 
chloroformates, or appropriately substituted acid chlorides with 3-amino- 
S-^aphthalen-l-yl-acetox^-^oxo-pentanoic acid, tert-butyl ester hydrochloride 
(Example 2, Step A), the corresponding compounds were prepared as follows: 
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EXAMPLE 2a 

,_ M . t Wvcar ^ nr etov yV4-oxo-pentanoic acid , as 

off-white solid. 

Analysis calculated for C 19 Hi 9 H0 7 (373.366): 

C, 61.12; H, 5.13; N, 3.75. 
Found: C, 60.85; H, 5.25; N, 3.58. 

EXAMPLE 2b 

s.r>j a nhthalenc 1 y 1 --^ yH-nvn-l-tt-phenyl propionylanninoVpentanoic acid , 
as white solid. 

Analysis calculated for C 26 H25NO6-0.25H 2 O (451.996): 

C, 69.09; H, 5.69; N, 3.10. 
Found: C, 69.06; H, 5.45; N, 2.91. 

EXAMPLE 2c 

,_^^»vv t . a rhonvl^in^-^o.5. P henownretoxv-pentanoicacid, as foamy off- 
white solid. 

Analysis calculated for C 1 5H 17 NO 8 .0.80NaHCO3 (406.510): 

C, 46.68; H, 4.41; N, 3.45. 
Found: C, 46.89; H, 4.44; N, 3.43. 

EXAMPLE 2d 

H2 ^4etha ffi ^^ 

pMitanoic acid , as a solid, mp 131-135°C. 

Analysis calculated for C20H23NO9S2 (485.536): 

C, 49.48; H, 4.78; N, 2.88. 
Found: C, 49.26; H, 4.60; N, 2.88. 
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EXAMPLE 2e 

vr2.Methan^n1fonvl-l-metb Y l^thvl S ulfanvlam 
4-oxo-pentanoic acid 

Analysis calculated for C 2 iH25NO 9 S2'1.0 H 2 0 (517.578): 

C, 48.73; H, 5.26; N, 2.71. 
Found: C, 48.90; H, 5.60; N, 2.78. 

EXAMPLE 3 

fS-(R * R *n-3-(2-Acetvlamino-propionvl aminoV5-(n a phthalene-l -vl-acetoxy)- 

A-nvo-pentanoic acid 
Step A 

To a solution at 0°C under nitrogen of N-acetyl alanine (0.176 g, 
1.34 mmol), 3-amino-5-(naphthalene-l-yl-acetoxy)-4-oxo-pentanoic acid, tert- 
butyl ester, hydrochloride (0.500 g, 1.22 mmol, Example 2, Step A), 2-(lH- 
benzotriazole-l-yl)-l,l,3,3-tetramethyluronium tetrafluoroborate (0.431 g, 
1.34 mmol), 1-hydroxybenzotriazole (0.214 g, 1.58 mmol) in 15 mL of 
dichloromethane was added dropwise (via syringe) N,N-diisopropylethylamine 
(0.531 mL, 3.05 mmol). The solution was allowed to slowly warm to room 
temperature overnight. The solution was then dissolved in ethyl acetate and 
washed with 2x 5% citric acid solution, 2x saturated NaHC0 3 , and lx brine. The 
ethyl acetate extract was dried (MgS0 4 ), filtered, concentrated, and 
chromatographed (silica gel, 30% tetrahydrofuran-70% dichloromethane) to give 
[S-(R*,R*)]-3-(2-Acetylamino-propionylamino)-5-(naphthalene-l-yl-acetoxy)- 

4- oxo-pentanoic acid, tert-butyl ester as a light yellow thick oil. 
StepB 

A solution of [S-(R*,R*)]-3-(2-Acetylamino-propionylamino)- 

5- (naphthalene-l-yl-acetoxy)-4-oxo-pentanoic acid, tert-butyl ester (0.467 g, 
0.96 mmol), and 7.5 mL of trifluoroacetic acid in 7.5 mL of dichloromethane was 
stirred at room temperature for 2 hours. The solution was concentrated and 
chromatographed (silica gel, 94% dichloromethane-5% methanol-1% acetic acid) 
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to give the title compound as an oily foam. The title compound was then 
lyophilized to a solid from acetonitrile and water. 

lH NMR (400 MHz, d 6 DMSO), 12.43 (bs, 1H), 8.44 (d, 1H), 7.95 (m, 2H), 
7.87 (m, 1H), 7.51 (m, 4H), 4.87 (m, 2H), 4.56 (m, 1H), 4.23 (s, 2H), 4.18 (m, 
1H), 2.72 (dd, 1H), 2.54 (dd, 1H), 1.81 (s, 3H), 1.17 (d, 3H) 

In a process analogous to Example 3, the corresponding compounds were 
prepared: 

EXAMPLE 3a 

^ f TvT g r hth a 1Pn-1-vl- a ceto X v > 4-nxn.3.rrthionhene-3-carbon Y l)-amino1-pentanoic 
acid , as a foamy off-white solid. 

Analysis calculated for C 22 Hi9NC>6S-0.45 H 2 0 (433.571): 

C, 60.95; H, 4.63; N, 3.23. 
Found: C, 60.98; H, 4.81; N, 3.29. 

EXAMPLE 3b 

^■r ( F 1 ,r a t 1 ^-r a rh»nvn-amin o l-'i-fa a nhthalen-1-vl-acetoxvV4-oxo-pentanoicacid , 
as a white solid. 

Analysis calculated for C 2 2Hl9NO 7 -0.25 H 2 0 (413.903): 

C, 63.84; H, 4.75; N, 3.38. 
Found: C, 63.86; H, 4.50; N, 3.39. 

EXAMPLE 3c 

S.(M» r hth a len-1-vl-ace ^ 
pentanoic acid 
MS(CI) m/z 533 (M+1) 

EXAMPLE 3d 

y^MetWesulfonvlami^ ^ 
pentanoic acid 
MS(APCI) m/z 465 (M+l) 
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EXAMPLE 3e 

rup, {7.Acrtvlamino^^ 
yl-acetoxy)-4-oxo-pe ntanoic acid 

MS (APCI) m/z 590.4 (M+l) 
5 EXAMPLE 3f 

acid 

MS (APCI) m/z 443.5 (M+l) 

EXAMPLE 3g 

10 ^,p^4-Carbaro n Y l-h l itvrvlamin n VT ^ ^ 
4-oxo-pentanoic acid 
MS (APCI) m/z 500.5 (M+l) 

EXAMPLE 3h 

W9-R CT zv1oxvcarbo^ 
15 oxo-pentanoic acid 

MS (APCI) m/z 521.4 (M+l) 

EXAMPLE 3i 

s,fN a p hthrien-l-v^^ acid 
MS (APCI) m/z 430.5 (M+l) 

20 EXAMPLE 3j 

M ?.A^tvlamino-propinnvl^ 

acid 

MS (APCI) m/z 429.5 (M+l) 

EXAMPLE 3k 

25 Vfn-Acetvl-pvrmlidine-2-ca^^^ 
pentanoic acid 
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EXAMPLE 31 

4-oxo-pentanoic acid 

MS (APCI) m/z 482.4 (M+l) 

EXAMPLE 3m 

M ?-A^tvlamino-P ^ 
MS (APCI) m/z 415.5 (M+l) 

EXAMPLE 3n 

V9-Ar^lamino-pt» pinnvl a minoV S - n 3-diph enyl-pro r ionyloxv)-4-oxo- 
pentanoic acid 

MS (APCI) m/z 469.2 (M+l) 

EXAMPLE 3o 

yl-acetoxy)-4-oxo-DP ntanoic acid 
MS (APCI) m/z 596.1 (M-l) 

Example 3p 

^ phthalen-l - y^^ 
pro pionv laminol-pentanoic acid 

MS (APCI) m/z 518.8 (M+l) 

EXAMPLE 3q 

M 7,rVMethvl -^t ^ 

nvn- pentanoic acid 

MS (APCI) m/z 470.8 (M+l) 
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EXAMPLE 3r 

Mf i .r,,Wovl ^^ S-f tiH phthnlen-1 -y1-acetoxy)-4 , 

nxo- pentanoic acid 

EXAMPLE 3s 

, n p^ ^.o.,^^ -Yl-acetoxyV4-oxo- 
pentanoic acid 

EXAMPLE 3t 

arptox y)-4-ox ^-pfintanoic acid 

EXAMPLE 3u 

, f1 ^ nr u ^ ^i^inoVS-fnaphthfllnn 1 Y» nretov yV4-oxo-pentanoic acid 

EXAMPLE 3v 

n r rnrhnm ^-Q^^ y 1- r roninnvlamino> V n, r htha1en-1. y1-acetoxyV4-oxo- 
pentanoic acid 

EXAMPLE 3w 
nxo-pentanoic acid 

EXAMPLE 4 

^ < ( xT qrt ,^ a i.n..1-vl- a cet 0 -Y )^-^"-^"henvlaretvl,mino-pent a noica C id 
20 Step A 

To a solution at room temperature under nitrogen of phenylacetyl chloride 
(0.160 mL, 1.22 mmol), 3-amin 0 -5-(naphthalene-l-yl-acetoxy)-4-ox O - P entanoic 
acid, tert-butyl ester, hydrochloride (0.500 g, 1.22 mmol, example 2, Step A), 
4-dimethylaminopyridine (catalytic) in 25 mL of acetonitrile was added dropwise 
25 (via syringe) N.N-diisopropylethylamine (0.471 mL, 2.69 mmol). The solution 

was stirred overnight. The solution was then dissolved in ethyl acetate and washed 
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with 2x 5% citric acid solution, 2x saturated NaHCOj, and lx brine. The ethyl 
acetate extract was dried (MgS0 4 ), filtered, concentrated, and chromatographed 
(silica gel, 40% ethyl acetate-60% hexanes) to give (S)-5-(naphthalene-l-yl- 



acetox} 



yH-oxo-S-phenylacetylamino-pentanoic acid, tert-butyl ester as a thick oil. 
5 Step B 

(S)-5-(Naphthalene-l-yl-acetoxy)-4-oxo-3-phenylacetylamino-pentanoic 

acid, tert-butyl ester (0.300 g, 0.61 mmol, Example 4, Step A) and 7.5 mL of 
trifluoroacetic acid in 7.5 mL of dichloromethane was stirred at room temperature 
for 2 hours. The solution was concentrated and chromatographed (silica gel, 40% 
10 ethylacetate-59% hexanes-1% acetic acid) to give the title compound as an oily 
foam. The title compound was then lyophilized to a solid from acetonitrile and 
water. 

iHNMR (400 MHz, d 6 DMSO), 12.49 (bs, 1H), 8.64 (bs, 1H), 7.94 (m, 2H), 
7.84 (m, 1H), 7.49 (m, 4H), 7.27 (m, 5H), 4.85 (bs, 2H), 4.62 (m, 1H), 4.21 (s, 
15 2H), 3.47 (s, 2H), 2.69 (dd, 1H), 2.59 (dd, 1H) 

In a process analogous to Example 4, the corresponding compounds were 

prepared: 

EXAMPLE 4a 

20 pentanoic acid 

iHNMR (400 MHz, d 6 DMSO), 12.52 (bs, 1H), 8.67 (bs, 1H), 7.89 (m, 
3H), 7.49 (m, 4H), 7.34 (m, 1H), 6.93 (m, 2H), 4.88 (bs, 2H), 4.62 (m, 1H), 
4.22 (s, 2H), 3.71 (s, 2H), 2.69 (dd, 1H), 2.60 (dd, 1H) 
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EXAMPLE 4b and 4c 
f>xn-pentanoic acid, diastereomer A and B 
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Step A 

To a solution of trans-2-carbamoyl-cyclopentanecarboxylic acid (130 mg, 
0.83 mmol) and pyridine (65 mg, 0.83 mmol) in acetonitrile (100 mL) was added 
cyanuric fluoride (1 10 mg, 0.83 mmol) and the reaction mixture was stirred at 

5 room temperature for 3 hours. Ice water (10 mL) was added and the reaction 

mixture was stirred for 5 minutes. It was extracted with methylene chloride 
(75 mL) and the organic layer was evaporated to give the crude intermediate acid 
fluoride (50 mg). A solution of the acid fluoride in 1:1 methylene 
c hloride:acetonitrile (20 mL) was treated with the hydrochloride salt of 3 amino-5- 

10 (naphthalene-l-yl-acetoxy) 4-oxo-pentanoic acid tert- butyl ester (100 mg, 
0.25 mmol, Example 2, Step A) and N-methylmorpholine (0.5 mmol). The 
reaction mixture was stirred at room temperature for 2 hours followed by 
evaporation of the solvent. Purification by flash chromatography (silica gel, ethyl 
acetate) gave two diastereomers of 3-[(2-carb a moyl-cyclopentanecarb 0 nyl)- 

15 amino]-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester 

[diastereomer A (high Rf) MS (AP+): 5 10.9 and diastereomer B(low Rf)] MS 
(APCI) m/z 510.9 (M+l). 

StepB 

Diastereomer A or B was reacted with trifluoroacetic acid as described for 
20 Example 4 to yield 3-[(2-c a rbamoyl-cyclo P entanecarbonyl)-amino]-5-(naphthalen- 

l-yl-acetoxy)-4-oxo-pentanoic acid 4b (diastereomer A), mp 171-185°C and 
3-[(2-carbamoyl-cyclo P entanecarbonyl)-amino]-5-(naphthalen-l-yl-acetoxy)-4- 

oxo-pentanoic acid 4c (diastereomer B), mp 208-2 10°C. 

EXAMPLE 4d 

25 H ^r^movl-bin '^ P 7 1 lbentane-7-rarhonyl )-amino1-5-(naphthale n -l -yl- 

ar.etoxvt-4- "™-pg"'anoic acid 

3-[(3-Carbamoyl-bicyclo[2.2.1]heptane-2-carbonyl)-amino]-5-(naphthalen- 

l-yl- a cetoxy)-4-oxo-pentanoic acid tert-butyl ester was prepared by the method of 
Example 4b and 4c in 47% yield from (1R, 2S, 3S, 4S)-3-carbamoyl-2- 
30 carboxybicyclo[2.2.1]he P tane (Ohtani, et al., JQC, 1991;562:122-2127). 
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EXAMPLE 4e 

1 n ^ r ^ y i-^^^ -y1-acetoxy)-4-oxo- 

pentanoic acid 
Step A 

To a solution of (S)-(-)-2-methylsuccinamic acid (0. 1 60 g, 1 .22 mmol, 
prepared according to the procedure in Chem. Pharm. BulL, 1991 ;39(10):2706- 
2708) in 25 mL of dichloromethane and 25 mL of tetrahydrofuran at -78°C was 
added N-methyl P iperidine (0.1 63 mL, 1 .34 mmol) followed by dropwise addition 
of isobutyl chloroformate (0.166 mL, 1.26 mmol). The reaction mixture was 
) stirred for 1 hour at -78°C. A solution of 3-amino-5-(naphthalene-l-yl-acetoxy)- 

4-oxo-pentanoic acid tert-butyl ester, hydrochloride (0.500 g, 1.22 mmol, 
Example 2, Step A) in dichloromethane (25 mL) and tetrahydrofuran (25 mL) was 
added dropwise while simultaneously adding N-methylpiperidine (0.163 mL, 1.34 
mmol) dropwise with a second addition funnel. The reaction mixture was allowed 
5 to slowly warm to room temperature and was stirred overnight. The reaction 

mixture was diluted with ethyl acetate was washed sequentially with 5% citric 
acid, saturated sodium bicarbonate, and finally with saturated sodium chloride. 
The organic layer was dried over magnesium sulfate, filtered and concentrated in 
vacuo. The resulting solid was suspended in diethyl ether, collected by filtration, 
20 washed with diethyl ether and dried under reduced pressure to yield 294 mg (49%) 
of the intermediate 3-(3-carbamoyl-2-methyl-propionylamino)-5-(naphthalen-l-yl- 
acetoxy)-4-oxo-pentanoic acid tert-butyl ester. 

StepB 

A solution of 3-(3-carbamoyl-2-methyl-propionylamino)-5-(naphthalen-l- 
25 y l-acetoxy)-4-oxo-pentanoic acid tert- butyl ester (0.1 50 g, 0.309 mmol, Example 
4e, Step A) in 10 mL of 4N hydrochloric acid/dioxane was stirred at room 
temperature for 2 hours. The solution was concentrated and the product purified 
by reverse phase HPLC. Lyophilization from acetonitrile and water gave 3-(3- 
carbamoyl-2-methyl-pro P ionylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo- 

30 pentanoic acid as a solid. 
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'HNMR(400MHz, DMSO) 12.38 (bs,lH), 8.49 (d.lH), 7.88 (m.lH), 7.54(m,4H), 
7 28 (s.lH), 6.76 (s,lH), 4.89 (s,2H), 4.46 (m,lH), 4.22 (s,2H), 2.71 (m,2H), 2.74 
(m,lH), 2.32 (dd, 1H), 2.08 (dd, 1H), 0.98 (d,3H). MS (APCI) m/z 429.1 (M+H). 

EXAMPLE 4f 

5 ^ ^-M^thanesulfo^'-^-^pthvl-nropi onvlamiiioV S-fnaphthalen-l-Yl-ac 

oxo-pentanoic acid 
Part A 

A solution of 2(S)-methyl -3-methylsulfonyl) propionic acid (250 mg, 
1 .5 mmol, prepared according to the procedure of Vazquez, M. L. , et al., 
10 [WO 94/10136]) in 10 mL of thionyl chloride was allowed to stirred at 55°C under 

N 2 for 2 hours. The solvent was removed under reduced pressure, washed with 
benzene and reconcentrated to give an off-white solid. The resultant solid was 
dissolved in 40 mL THF and N-methylmorpholine (300 mg, 3.0 mmol) and 
4-dimethylaminopyridine (120 mg, 1.0 mmol.) added followed by 3 amino-5- 
15 (naphthalene-l-yl-acetoxy) 4-oxo-pentanoic acid tert butyl ester, hydrochloride 

(Example 2, Step A) (407 mg, 1 .0 mmol) in a single portion. The mixture allowed 
to stir at room temperature for 1 6 hours. The solution was diluted with ethyl 
acetate and washed with saturated NaHC0 3 , saturated KHPO4 and brine solution, 
dried (MgS0 4 ), filtered, and concentrated. Medium pressure chromatography 
20 (silica gel, 75% hexanes-25% ethyl acetate to 60% hexanes-40% ethyl acetate) of 
the crude oil afforded [S-(R*,R*)]-3-(3-methanesulfonyl-2-methyl- 
propionylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert butyl 

ester. 
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PartB 

A solution of [S-(R* ,R*)]-3-(3-methanesulfonyl-2-methyl- 
propionylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert butyl ester 
(232 mg, 0.45 mmol.)and trifluoroacetic acid (5 mL, 0.065 mol) in 5 mL of 
dichloromethane was stirred at room temperature for 2 hours. The solution was 
concentrated in vacuo and suspended in water to give the title compound as a off- 
30 white solid. 
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Analysis calculated for C22H25N0 8 S-H 2 0 (481.51): 

C, 54.87; H, 5.65; N, 2.91. 
Found: C, 54.78; H, 5.42; N, 2.78. 

EXAMPLE 4g 

? p D ^^.,,,if»n y l-7- m ethY i- r » r^v1^i"oV^-^^hthRlen-1 -vl-acetoxyH:: 

nxo-pentanoic acid 
Part A 

To a solution of 2-methyl-3-(thiobenzene) propionic acid methyl ester (4 g, 
19 mmol., prepared according to the procedure LOr^ChenL, 1981 ;46:23 5-9) in 
100 mL of acetic acid was added sodium perborate (7.33 g, 47.6 mmol) and the 
mixture heated to 55°C for 17 hours. The reaction was poured into water, 
extracted with methylene chloride, washed with aqueous sodium bicarbonate, 
dried (MgS0 4 ) and concentrated to give of 2-methyl-3-(benzen e sulfonyl) 
propionic acid methyl ester as a colorless oil. 

15 PartB 

To a solution of 2-methyl-3-(benzenesulfonyl) propionic acid methyl ester 
(4.47 g, 18.5 mmol) in 60 mL of THF was added a solution of lithium hydroxide 
(0.93 g, 22.2 mmol.) in water (30 mL). The solution was allowed to stir at room 
temperature for 1 6 hours and then acidified to pH 1 with IN KHS0 4 and the 
20 solution extracted with ethyl acetate 3 times. The combined organic solution was 
dried (MgS0 4 ) and concentrated to give a colorless oil which solidified upon 
standing to give 2-methyl-3-(benzenesulfonyl) propionic acid. 
PartC 

A solution of 2-methyl-3-(benzenesulfonyl) propionic acid (300 mg, 
25 1.3 mmol) in 10 mL of thionyl chloride was allowed to stir at 55°C under N 2 for 

16 hours. The solvent was removed under reduced pressure washed with benzene 
and reconcentrated to give yellow oil. The resultant oil was dissolved in 40 mL 
THF and N-methylmorpholine (300 mg, 3.0 mmol) and 4-dimethylaminopyridine 
(120 mg, 1.0 mmol.) added followed by 3 amino-5 -(naphthalene- 1-yl-acetoxy) 
30 4-oxo-pentanoic acid, tert-butyl ester, hydrochloride (407 mg, 1 .0 mmol, Example 



WO 98/16502 PCT/US97/18514 

-86- 

2, Step A) in a single portion. The mixture allowed to stir at room temperature for 
36 hours. The solution was diluted with ethyl acetate and washed with saturated 
NaHC0 3 , saturated KHPO4 and brine solution, dried (MgS0 4 ), filtered, and 
concentrated. Medium pressure chromatography (silica gel, 75% hexanes-25% 
ethyl acetate to 60% hexanes-40% ethyl acetate) of the crude oil afforded 3-(3- 
benzenesulfonyl-2-methyl-p^ 
pentanoic acid tert butyl ester. 

Part D 

A solution of 3-(3-benzenesulfonyl-2-methyl-propionylamino)-5- 
(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert butyl ester (216 mg, mmol) 
and trifluoroacetic acid (5 mL, 0.065 mol) in 5 mL of dichloromethane was stirred 
at room temperature for 2 hours. The solution was concentrated in vacuo and 
suspended in ethyl ether to give the title compound as a off-white solid. 
Analysis calculated for C 2 7H27 N0 8 S - C 2 HF 302 (611.10) 

C, 56.01; H, 4.58; N, 2.29. 
Found: C, 56.12; H, 4.86; N, 2.40. 

In a process analogous to Example 4, the corresponding compounds were 
prepared: 

EXAMPLE 4h 

^-Riit yrvlamino-5-(naphthalen-2-vl- acetoxvV4-oxo-pentanoicacid 
MS (CI) m/z386 (M+l) 

EXAMPLE 4i 

3-Acetvlaminn.S-rnanhthaleTi-l -vl-acetoxvV4-oxo-pentano ic acid as a foamy 
off-white solid. 

Analysis calculated for CioH^NCV^O (375.382): 

C, 60.80; H, 5.64; N, 3.73. 
Found: C, 61.07; H, 5.70; N, 3.57. 



10 
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EXAMPLE 4j 

oxo-pcntanoic acid 

Analysis calculated for C 22 H 25 NO 8 S-1.0 H 2 0 (481.526): 

C, 54.88; H, 5.65; N, 2.91. 
Found: C, 54.78; H, 5.42; N, 2.78. 

EXAMPLE 4k 

, r x4^ Y i.^,t r vl am inoV ^-(^ rhth a len-l-vl-anetoxy)-4-oxo-pentanoic acid 
MS (APCI) m/z 399.8 (M+l) 

EXAMPLE 41 

.■ r .ro^ gm » v U r ronionvl ^ innVS-rn a nhthalen-1-vl-acetoxYV4-oxo-pentanoic 
acid 

1HNMR (400 Mhz, DMSO) 12.38 (bs.lH), 8.44 (d,lH), 7.93 (m,3H), 
7.50(m,4H), 7.28 (s ( lH), 6.75 (s,lH), 4.92 (dd,2H), 4.56 (m,lH), 4.23 (s,2H), 2.68 
15 (dd,lH), 2.52 (dd,lH), 2.49 (m, 4H). 
MS (APCI) m/z415.5 (M+H) 

EXAMPLE 4m 
r R. p?*imi-3-f3-Ac^"1fanvl-2- ^ th^ 

acetoxv)-4-oxo-penta noic acid 
20 Analysis calculated for C 23 H 2 5NO 7 S.0.1 CF 3 C0 2 H (470.925): 

C, 59.17; H, 5.37; N, 2.97. 
Found: C, 59.39; H, 5.59; N, 3.01. 

EXAMPLE 4n 

,^ wf ^. r (^-r a rhamo Y l-rYr.lo pentanecarhonyl)-aminol-5-(naphthalen-l-Yl- 
25 acetoxv^-4-oxo-penta noic acid 
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Analysis calculated for C 2 4H26N207* 1 -5 H 2 0: 

C, 59.86; H, 6.07; N, 5.82. 
Found: C, 59.74; H, 5.80; N, 5.48. 

EXAMPLE 5 

a_f i -> i A-t^r a hvdro-l-ox» .i^n .»noline- ? -v lVacetam ino-5-fna P hthalene- 
1 -yl ar.etoxv)-4-oxo-pentan oic acid 
Step A 

To a solution of ( 1,2,3 ,4-tetrahydro-l-oxo-isoquinoline-2-yl)acetic acid 
(2.7 g, 13.0 mMol) prepared according to the procedure of Anderson W.K., et al., 
J. Med. Chem . 1988;31:2097 and H-Asp (OtBu)OMe-HCl (2.9 g, 12.0 mMol) in 
dimethylformamide (40 mL) was added at 0°C l-ethyl-3-(3'-dimethylamino- 
propyl) carbodiimide x HC1 (2.5 g, 13.0 mMol) and triethylamine (4.05 g, 
40 mMol). The mixture was stirred at room temperature for 16 hours. Most of the 
solvent was removed under reduced pressure, the residue was dissolved in ethyl 
acetate. The organic phase was washed successively with aqueous sodium 
hydrogen carbonate and water, dried over sodium sulfate, and concentrated to give 
4.5 g of an amorphous residue. 

The residue was dissolved in 40 mL of dioxane/water (1 : 1 ) and hydrolyzed 
in the presence of thymolphthalein by dropwise addition of IN NaOH (12.0 mL). 
After evaporation of most of the dioxane and dilution with water the aqueous 
solution was extracted with ether, acidified with dilute HC1 to pH 2-3, and the 
product extracted into ethyl acetate. The organic phase was washed with water, 
dried over sodium sulfate, and concentrated under reduced pressure to give 3.4 g 
of crystalline N-(l,2,3,4-tetrahydro-l-oxo-isoquinoline-2-yl)-acetyl aspartic acid, 

4-tert-butyl ester. 
StepB 

To a solution of N-(l,2,3,4-tetrahydro-l-oxo-isoquinoline-2-yl)-acetyl 
aspartic acid, 4-tert-butyl ester (2.8 g, 7.4 mMol) in tetrahydrofuran (40 mL) at 
-15°C was added N-methylmorpholine (0.75 mL, 8 mMol) followed by dropwise 
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addition of ethyl chloroformate (0.79 mL, 8 mMol). After 15 minutes at -10°C 
50 mL of a 0.2N solution of diazomethane in ether was added dropwise. The 
reaction was kept for 2 hours at room temperature then 15 mL of a solution of 
480/c HBr in glacial acetic acid (1:1) was added dropwise at 0°C. After stirring for 
5 1 5 minutes the reaction mixture was poured into ethyl acetate. The organic phase 

was washed successively with saturated aqueous sodium hydrogen carbonate and 
water, dried over sodium sulfate, and concentrated under reduced pressure to give 
3-(l,2,3,4-tetrahydro-l-oxo-isoquinoline-2-yl)-acetamino-5-bromo-4-oxo- 

pentanoic acid, tert-butyl ester (3.1 g). 
10 Step C 

To amixture of 3-(l,2,3,4-tetrahydro-l-oxo-isoquinoline-2-yl)- 
acetarmno-5-brorno-4-oxo-pentanoic acid, tert-butyl ester (0.7 g, 1.5 mMol) and 
potassium fluoride (0.26 g, 4.5 mMol) in dimethylformamide (30 mL) was added 
1-naphthylacetic acid (0.28 g, 1.5 mMol). The mixture was stirred at room 

1 5 temperature for 1 6 hours. Most of the solvent was evaporated under reduced 

pressure, the residue was partitioned between ethyl acetate and water. The organic 
phase was washed successively with aqueous sodium hydrogen carbonate and 
water, dried over sodium sulfate. Evaporation under reduced pressure followed by 
chromatography over silica (elution with dichloromethane/acetone 20:1) gave 

20 0.3 1 g of 3 -(l ,2,3,4-tetrahydro-l -oxo-isoquinoline-2-yl)-acetamino- 

5-(naphthalene-l-yl acetoxy)-4-oxo-pentanoic acid, tert-butyl ester. 

StepD 

3-(l,2,3,4-tetrahydro-l-oxo-isoquinoline-2-yl>acetamino-5-(naphthalene- 
1-yl acetoxy)-4-oxo-pentanoic acid, tert-butyl ester (0.28 g, 0.5 mMol) in 20 mL 
25 of a 1 : 1 mixture of dichloromethane/trifluoroacetic acid was stirred at room 

temperature for 45 minutes. Evaporation under reduced pressure followed by 
crystallization from dichloromethane/ether/hexane gave 3-(l,2,3,4-tetrah y dro- 
l-oxo-isoquinoline-2-yl)-acetamino-5-(naphthalene-l-ylacetoxy)-4-oxo-pentanoic 

acid (0.19 g). 
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m. p. 1 17°C-124°C; NMR (d 6 -DMSO, ppm): 12.5 (bs, 1H), 8.5 (d, 1H), 
8.1-7.8 (M, 4H), 7.6-7.4 (m, 5H), 7.4-7.2 (m, 2H), 5.0 (m, 2H), 4.65 (dd, 1H), 
4.25 (s, 2H), 4.18 (dd, 2H), 3.6 (m, 2H), 3.0 (m, 2H), 2.75-2.5 (2m, 2H). 

EXAMPLE 5a 
5 V7.Methvl-3-ph™*thv1carban " v^^ 
4-oxo-pentanoic acid 
Step A 

A solution of itaconic anhydride (5.00g, 44.6 mmol) and phenethylamine 
(5.95 g, 49.1 mmol) in 100 mL of acetonitrile was stirred at room temperature 

1 0 under nitrogen for 72 hours. The mixture (solid had formed) was concentrated, 

then partitioned between EtOAc and IN HC1. The organic extract was washed 
with brine, dried (MgS0 4 ), concentrated and the residue was crystallized from 
diethyl ether to give 5.24 g (50%) of 2-(phenethylcarbamoyl-methyl)-acrylic acid 
as a white solid: mp 133-140°C. 

15 Analysis calculated for C13H15NO3 (233.269): 

C, 66.94; H, 6.48; N, 6.00. 
Found: C, 66.74; H, 6.56; N, 6.00. 

StepB 

A solution of 2-(phenethylcarbamoyl-methyl)-acrylic acid ( 2.76 g, 
20 1 1-8 mmol, Step A) in 100 mL of THF was treated with 5% Pd/C (0.2 g) and 

hydrogenated at room temperature and 52 psi of hydrogen for 2.5 hours. The 
mixture was filtered and concentrated to give 2.39 g (86%) of 
2-(phenethylcarbamoyl-methyl)-propionic acid as an off-white solid. 
Analysis calculated for Ci 3H17NO3 (235.285): 
25 C, 66.36; H, 7.28; N, 5.95. 

Found: C, 65.31; H, 7.05; N, 5.80. 
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StepC 



A mixture of 2-(phenethylcarbamoyl-methyl)-propionic acid (1.63 g, 
6.93 mmol, Step B), H-Asp(OtBu)-OMe-HCl (1.83 g, 7.64 mmol, purchased from 
Bachem Bioscience Inc.), 1-hydroxybenzotriazole hydrate (1.17 g, 7.64 mmol), 
N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide hydrochloride (1.46 g, 
7.62 mmol) and 4-methylmorpholine (0.95 mL, 8.64 mmol) in 100 mL of 
dichloromethane was stirred at room temperature for 24 hours. The mixture was 
concentrated, then partitioned between EtOAc and saturated NaHC0 3 solution. 
The organic extract was washed with saturated KH 2 P0 4 and brine solutions, dried 
(MgS0 4 ), filtered, concentrated, and chromatographed (silica gel, 25% hexanes- 
75% EtOAc) to give 2.54 g (87%) of 2-(2-methyl-3-phenemylcarbamoyl- 
propionylamino)-succinic acid, 4-tert-butyl ester 1 -methyl ester as a waxy white 
solid. 

Analysis calculated for C22H32N2O6 (420.510): 
15 C, 62.84; H, 7.67; N, 6.66. 

Found: C, 62.68; H, 7.69; N, 6.54. 



StepD 

A solution of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)- 
succinic acid, 4-tert-butyl ester 1-methyl ester (2.1 1 g, 5.01 mmol, Step C) and 

20 0.1N sodium hydroxide solution (60.1 mL, 6.01 mmol) in 60 mL of ethanol was 

stirred at room temperature for 12 hours. The solution was concentrated, acidified 
with saturated KH 2 P0 4 solution to a P H ~5 and extracted with chloroform 
(2 x 100 mL). The combined chloroform extract was dried (MgS0 4 ), filtered and 
concentrated to give 2.23 g (~1 00%) of 2-(2-methyl-3-phenethylcarbamoyl- 

25 propionylamino)-succinic acid, 4-tert-butyl ester as a colorless oil, which was used 

without further purification. 

A solution of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)- 

succinic acid, 4-tert-butyl ester (2.23 g, 5.49 mmol) and 4-methylmorpholine 
(0.61 mL, 5.73 mmol) in 50 mL of THF in a Clear-Seal joint 250-mL round- 
30 bottom flask was cooled to ca. -45°C (Dry Ice-acetonitrile slurry) and treated with 
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isobutyl chloroformate (0.75 mL, 5.78 mmol). Solid immediately formed, the 
mixture was stirred for 1 5 minutes, then treated with a 0.5 M diazomethane in 
ether solution (55 mL, 27.5 mmol, generated from Diazald). The cooling bath was 
removed, the light yellow solution was stirred at room temperature for 2 hours, 

5 cooled to 0°C and treated dropwise with a solution of 48% hydrobromic acid 

(10 mL, 184 mmol) in 10 mL of acetic acid. The colorless solution was stirred at 
room temperature for 30 minutes, then partitioned between EtOAc and water 
(-200 mL of each). The organic extract was washed with water, saturated 
NaHC0 3 and brine solutions, dried (MgS0 4 ), filtered, and concentrated to give 

10 1.40 g (53%) of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)-5-bromo- 

4- oxo-pentanoic acid, tert-butyl ester as a light yellow solid. 

StepE 

A mixture of 2-(2-methyl-3-phenethylcarbamoyl-propionylamino)- 

5- bromo-4-oxo-pentanoic acid, tert-butyl ester (0.70 g, 1 .45 mmol, Step D), 
1 5 1 -naphthylacetic acid (0.34 g, 1 .8 1 mmol) and potassium fluoride (0.2 1 g, 

3.61 mmol) in 2.5 mL of DMF was stirred at room temperature for 12 hours. The 
sample was partitioned between EtOAc and saturated NaHC0 3 solution. The 
organic extract was washed with saturated KH 2 P0 4 and brine solutions, dried 
(MgS0 4 ), filtered, and concentrated. The residue was chromatographed (silica gel, 

20 25% hexanes-75% EtOAc) to give 0.65 g (77%) of 3-(2-methyl- 

3-phenemylcarbamoyl-pro P ion y lamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo- 

pentanoic acid, tert-butyl ester. 
StepF 

A solution of 3-(2-methyl-3-phenethylcarbamoyl-propionylamino)- 
25 5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid, tert- butyl ester (0.62 g, 

1 .06 mmol, Step E) and trifluoroacetic acid (5 mL) in 20 mL of dichloromethane 
was stirred at room temperature for 1 hour, then concentrated to a yellow oil. The 
sample was partitioned between EtOAc and saturated KH 2 P0 4 solution. The 
organic extract was washed with brine, dried (MgS0 4 ), filtered, and concentrated 
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t0 0 51 g (91%) of 
: (nap llen-l- y l-ace^^ 

Analysis calculated for C^2^ « 2 0 (538-604): 
C, 66.90, H, 6.11; N, 5.20. 
5 Found: C, 66.90; H, 6.14; N, 5.10. 

, c m Fxamnle 5 the corresponding compounds were 
In a process analogous to Example 3, uic 

prepared: 

EXAMPLE 5b 

,H N M R( . 6 - DM SO, 5 . 2 . 5 aH, ! ,OS (1 H, M ,,7. 9 .-7.75 ( 4H,, 

3.0 (1H, dd), 2.7 (1H , m), ^ ^ procedure 

starting acid, 6-phenyl-pipendine-2-one, was pr P 

Tn Desaubry C.G. Wermuth and J.J. Bourguignon, TetrdiedronLett., 

1 1 0°C) followed by alkaline hydrolysis. 

EXAMPLE 5c 

7 6 7 0 (9H m) 5.05-4.8 (2H, m), 4.7^.50 (2H, m), 4.45-4.35 (.H, m), 

T"J% <>»• •* » <m - ■* 2 - 5 <DMSO + ,H - m) - 240 <2H ' 

25 prepared as described for Example 5b. 
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EXAMPLE 5d 

H^thyJ^^^ 
MS (ESI) m/z 565.2 (M+l) 

EXAMPLE 5e 

I H NMR (d6-DMSO): 6,2.5 <>H, m , U (1H. * IM J (5H. »>. <6H, 
M 4 95 (2H Aft 4.65 (1H, 4ft 4.15 (2H. .), 3.95 (2H, s), 3.55 (2H, 4ft 

JuinoUn^e.ic acii « p** a, *_M to Example 5. 

EXAMPLE 5f 

5^^1=3^^ 

isogumol^^ 

n MS (ESI) m/z 557.2 (M+l) 

H n oxo-3 4-dihydro-lH-isoquinolin-2-yl)-acetic add, was 
The starting acid, (1-oxo-J,h ainyuiu 

prepared as described for Example 5. 

EXAMPLE 5g 

1H NMR (d 6 -DMSO): 812.5 (1H, bs), 8,5 (1H, 2d), 7.4-7, (15H, m), 4.75 (2H, 
dd), 4.6 (2H, m), 4.40 (1H, m), 3,-2.5 (8H, m), 2.35 ( 2H, m), 2,0 (,H, m) 
,il.5 (3H, m). The starting acid, 6- P henyl-piperidin e -2-one, was prepared as 

described for Example 5b. 

EXAMPLE 5h 
x a inn oxo-1 2 * A-tetrahvd i-n-naphthalen-, 
^^t^^ 
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MS (ESI) m/z 483.5 (M-H 2 0). The starting acid, (l-oxo-3,4-dihydro-lH- 
isoquinolin-2-yl)-acetic acid, was prepared as for Example 5. 

EXAMPLE 5i 

.■ rJ , r Hth a l e n.l-v'-^^^^-4-oxo-3-r ? - (1 - oxo-3> dihYdro-1H-isoquinolin-2- Y n 
prn pionvlap 'i""Vr >a " tanoic acid 

MS (ESI) m/z 517.4 (M+l). The starting acid, 2-(l-oxo-3,4-dihydro-lH- 
isoquinolin-2-yl)-propionic acid, was prepared in analogy to the literature 
procedure of Example 5, starting from ethyl 2-bromopropionate. 

EXAMPLE 5j 

^ ( M a ptl th a l e n-2-Yl- a ^tovvV4-oxo- ^ r^-n-oxo-3-4.dihvdro-1H-isoquinolin-2-yl1 
prnpionvlf «™ino"l-pentanoic acid 

MS (ESI) m/z 517.3 (M+l). The starting acid, 2-(l-oxo-3,4-dihydro-lH- 
isoquinolin-2-yl)-propionic acid, was prepared as described for Example 5i. 

EXAMPLE 5k 

i. r 4.ri-Ren 7 .ene^-'f""v1-1H- n vrr o i-^-vn-4-oxo-butA^vlamino1-5-(naphthalen- 
1 -vl-acetnvy^-oxo- peritanoic acid 

MS (ESI) m/z 605.4 (M+l). The starting acid, 4-(l-benzenesulfonyl-lH-pyrrol- 
2-yl)-4-oxo-butyric acid, was prepared as described according to the procedure of 
M. Kakushima,et al., T Ore. Chem., 1983;48: 3214. 

EXAMPLE 51 

S .n-R R n^vl-3- D h ^ v'-r^""v 1 " ^ - 4 - oxo - Vr2 - ( 1 - OX(> - 1 ^^ 4 - tetrah Y dr °- 
nanhthaleP-^-vn-acetvla ^innl-pentanoicacid 

MS (ESI) m/z 556.4 (M+l). The starting acid, (l-oxo-3,4-dihydro-lH-isoquinolin- 
2-yl)-acetic acid, was prepared as described for Example 5. 

EXAMPLE 5m 

^■n-R fi nzvl-3-r^"vl-"ronionvl ox v ) - 4 - oxo -3-f2-(1-oxo-3 1 4-dihYdro-lH- 

^^..i^iin^-vn-p^r'-Y 1 -'"" 1 -"^" 0 ^ 36111 <» a mixture of diastreomers > : 
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1HNMR (d 6 -DMSO): 812.5 (1H, «). 8.5 (1H, m), 7.9 (1H, m), 7.45-7.10 (13H, 
m), 5.2 (1H, m), 4.8 (2H, m), 4.65 (2H, m), 3.55 (2H, m), 3.1-2.65 (9H, m), 
1.3 (3H, d). The starting acid, 2-(l-oxo-3,4-dihydro-lH-isoquinolin-2-yl)- 
propionic acid, was prepared as described as described for Example 5i. 

EXAMPLE Sn 

1 n ^ | 4 .tPtr a hvdr^ a r hthalen - 2 - vlV " rpTnxv1 - pentan0iCaCid (aS a ° f 
diastreomers): 

1H NMR (d 6 -DMSO): 812.5 (1H, s), 8.6-8.5 (1H, 2d), 7.9 (2H, m), 7.6-7.2 (6H, 
10 m), 5.3-5.1 (1H, m), 4.9 (2H, s), 4.7 (1H, m), 3.45 (2H, m), 3.2-2.5 (9H, m), 

2.2 (1H, m), 1 .95 (1H, m), 1 .3 (3H, d). The starting acid, 2-(l-oxo-3,4-dihydro- 
lH-isoquinolin-2-yl)-pro P ionic acid, was prepared as described for Example 5i. 

EXAMPLE 5o 

15 ^.phpnyl-nrop^ ny'^vV^-oxo-rentanoicacid 

MS (ESI) m/z 659.4 (M+l). The starting acid, 4-(l-benzenesulfonyl-lH-pyrrol- 
2-yl)-4-oxo-butyric acid, was prepared as described for Example 5k. 

EXAMPLE 5p 

4 n.^ [ f l -»vn-1 .2.3 4 -t.tr a hvdro-na P hthale.n-?-yl)-acetQXYl-3-r2-(l-oxo- 
20 i o -k ^.tetrahvdro -n Thth.len-2-v n - ar . etylam inol-pentanoic acid 

MS (ESI) m/z 520.2 (M+l). The starting acid, (l-oxo-3,4-dihydro-lH-isoquinolin- 
2-yl)-acetic acid, was prepared as described for Example 5. 

EXAMPLE 5q 

c ^wv,, wi . vl . a cet O x Y}-^-^^-r2-(2- 0 vo-3-phpny1-imida7.olidin-l -yl)- 

25 prn pionvlarr ; ""1-p pntanoic acid 

MS (ESI) m/z 518.2 (M+l). The starting acid, 2-(2-oxo-3-phenyl-imidazolidin- 
l-yl)-pro P ionic acid, was prepared according to the procedure of Basha (see 
Example 5s) followed by alkylation and subsequent alkaline hydrolysis. 
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EXAMPLE 5r 

imjli hfl ll1 - r . Y ^^wV4.oxo-3-r2-r nvo 3 phenyl-tHrahydro-pyrimidin- 

1 . v 1)- r rn pionvlg ™ ; ""1-P* rltanoic aC ' d 

MS (ESI) m/z 546.3 (M + l). The starting acid, 2-(2-oxo-3-phenyl-tetrahydro- 
5 py rimidin-l-yl)-propionic acid was prepared from 2-oxo-3- P henyl-t e trahydro 

pyrimidine (see Basha, Example 5s) followed by alkylation with ethyl 2-bromo- 
propionate and subsequent alkaline hydrolysis. 

EXAMPLE 5s 

, rlirhth -,~ i - Yl .^vv^-o y o-3-r7.(9-oxo-3-pheny 1-t P tr,h Y dro- P yrimidin- 

10 1-Yl)-acetvbmino1-pentanoic ac id 

MS (ESI) m/z 532.3 (M+l). l-Phenyl-tetrahydropyrimidine-2-one was prepared 
according to the procedure of A. Basha, T^^O^, 1988;29:2525 followed 
by alkylation with ethyl bromoacetate (NaH/DMF; 16 hours at room temp.) and 
subsequent alkaline hydrolysis. 



15 



20 



EXAMPLE 5t 

pentanoic acid 
MS (ESI)m/z 455.3 (M-H). 

EXAMPLE 5u 

^^UMn^ ■■" tin-i hlltv ^^ ^ 

4-nxo-nentanoic acid 

MS (ESI) m/z 51 1-3 (M+l). 

EXAMPLE 5v 

, r .-^.^^^.thvl-hutvrvlammo) < (3 hen7 yl-4-phenyl-hutyryloxy)- 

25 4-oxo-pentanoic acid 

MS (ESI) m/z 525.3 (M+l). 



10 
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EXAMPLE 5w 
? r - A ^inminn^-mp ^ yl-hnWwlaminoV5-(4-bei 

4-oxo-pentanoic acid 
MS (ESI) m/z 537.3 (M-l). 

EXAMPLE 5x 

TXMM.j1m.inn - ^^ ^^^-^^ ^^4-tetrahydro- 
r . r v,th a l P n.?-vn-ace ^Yl-r'^^""'cacid 
MS (ESI) m/z 475.3 (M+l). 

EXAMPLE 5y 

M ^n^1.4-phen vl b TT^^ 
hnt yrvlamino l-^-oxo-Dentanoic acid 

MS (ESI) m/z 601.3 (M+l). 

EXAMPLE 5z 

.. p-n-Acetvlamiiin - nir~ ™ r ^H ; ..l.vn-acetv1 a minol-5-(3 1 3-diphen Y l- 
15 r . ri .nvloxvV4.oxo-pen tanoicacid as a course pink powder. The starting acid 

was prepared as described in Beanie & Medicinal Chemistry Letter s, 
1997;7:1337-1342. 

Analysis calculated for 029^9*308-0.585 CF 3 C0 2 H (614.274): 
C, 58.99; H, 4.86; N, 6.84. 
20 Found: C, 59.38; H, 5.16; N, 6.20. 

EXAMPLE 5aa 

, r p , rr ^„^.o.^.9H.nvridin- 1 rl) nr ^H mino1 -5-(?-henzyl-3-phenyl. 

|irnfi - T ,^. H .ntanoicacid as a fine brown powder. The starting acid was 

prepared as described in Bioorgamc MMirinal Chemistry Letters, 1997;7:1337- 
25 1342. 

Analysis calculated for C 30 H 31 N 3 O 8 .0.468 CF 3 C0 2 H (614.960): 

C, 60.42; H,5.16;N, 6.83. 
Found: C, 60.82; H, 5.39; N, 6.42. 
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EXAMPLE 6 

^-p. p.Rpn^loxvc?rhnnvl am ino-A -r. a rhnxv-butvrvlamino)-3-methYl- 
)l , irrn . 1 ^ ; ^ 1 ^-( n a phthalen-1-vl-acetoxY)-4.oxo-pentanoicacid 

Step A 

5 A mixture of HCl-H-Asp (OtBu)-OMe (13.1 g, 54.6 mmol), Z-Val-OH 

(15.1 g, 60.1 mmol), HOBT-H 2 0 (9.2 g, 60.0 mmol), l-ethyl-3-(3'- 
dimethylaminopropyDcarbodiimide hydrochloride (EDCI-HCl, 1 1 .5 g, 60.0 mmol) 
and 4-methylmorpholine (7.5 mL, 68.2 mmol) in 500 mL of dichloromethane was 
stirred at room temperature under nitrogen for 12 hours. The mixture was 

10 concentrated, then partitioned between ethyl acetate and sat. NaHC0 3 solution. 
The organic extract was washed with sat. KH 2 P0 4 and brine solutions, dried 
(MgS0 4 ), filtered and concentrated to give 23.9 g (-100%) of 2-(2-benzyloxy- 
c a rbonylamino-3.methyl-butyrylamino)- S uccinic acid 4-tert-butyl ester 1-methyl 
ester as a white solid. MS (APCI) m/z(rel intensity) 436.9 (M+, 100), 

15 380.9 (M-56, 94). 



20 



Step B 

A solution of 2-(2-benzyloxycarbonylamino-3-methyl-butyrylamino)- 
succinic acid 4-tert-butyl ester 1-methyl ester (23.8 g, 54.5 mmol, Example 6, 
Step A) and concentrated hydrochloric acid (5.0 mL, 60.5 mmol) in 600 mL of 
EtOH:THF (5:1) was treated with 20% Pd/C (2.0 g) and hydrogenated at room 
temperature, 50 psig H 2 for 1 -2 hours. The sample was filtered and concentrated. 
The resultant oily solid was washed with diethyl ether, filtered and vacuum dried 
to give 16.5 g of 2-(2-amino-3-methyl-butyrylamino)-succinic acid 4-tert-butyl 
ester 1-methyl ester, hydrochloride as a white solid, mp 166-167°C. 
25 MS(APCl) m/z (rel intensity) 302.1 (M, 20), 301.1 (M-l, 100). 

Analysis calculated for C^o^Os-HCl (338.835): 

C, 49.63; H, 8.03; N, 8.27. 
Found: C, 49.62; H, 8.19; N, 8.21. 
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StepC 

A mixture of HCl-H-ValAsp (OtBu)-OMe (2-(2-amino-3-methyl- 
butyrylamino)-succinic acid 4-tert-butyl ester 1 -methyl ester, hydrochloride, 
15.4 g, 45.6 mmol, Example 6, Step B), Z-Glu(OtBu)-OH (15.8 g, 46.9 mmol), 

5 HOBT.H 2 0 (7.7 g, 50.1 mmol), EDCI-HC1 (9.6 g, 50.1 mmol) and 

4-methylmorpholine (6.3 mL, 57.3 mmol) in 500 mL of dichloromethane was 
stirred at room temperature under nitrogen for 12 hours. The mixture was 
concentrated, then partitioned between ethyl acetate and sat. NaHC0 3 solution. 
The organic extract was washed with sat. KH 2 P0 4 and brine solutions, 

1 0 dried (MgSC>4), filtered and concentrated to give 26.3 g (93%) of 

Z-Glu(OtBu)ValAsp(OtBu)-OMe[2-[2-(2-benzyloxycarbonylamino-4-tert- 
butoxycarbonyl-butyrylamino)-3-methyl-butyrylamino]-succinic acid 4-tert-butyl 
ester 1 -methyl ester] as a white solid. MS(APCI) m/z (rel intensity) 622.0 
(M, 100), 565.9 (M-56, 68). 

1 5 Analysis calculated for C3 1 H47N3O1 0 (62 1 .734): 

C, 59.89; H, 7.62; N, 6.76. 
Found: C, 59.88; H, 7.63; N, 6.70. 

Step D 

A solution of Z-Glu(OtBu)ValAsp(OtBu)-OMe (17.2 g, 27.6 mmol, 
20 Example 6, Step C) and 0.1N sodium hydroxide (330 mL, 33.0 mmol) in 300 mL 

of ethanol was stirred at room temperature under nitrogen for 1 hour. The slightly 
cloudy solution was concentrated (to remove most of the ethanol), acidified with 
saturated KH2PO4 solution to a pH ~5 and extracted twice with 500 mL of 
chloroform:methanol (9:1). The combined organic extract was dried (MgS0 4 ), 
25 filtered, and concentrated to give 1 5.0 g (89%) of Z-Glu(OtBu)ValAsp(OtBu)-OH 

as a foamy white solid. 

Analysis calculated for C30H45N3O10 (607.707): 

C, 59.29; H,7.46;N, 6.91. 
Found: C, 59.26; H, 7.57; N, 6.54. 
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StepE 

A solution of Z-Glu(OtBu)ValAsp(OtBu)-OH (14.9 g, 24.6 mmol) and 
4-methyImorpholine (2.7 mL, 24.6 nunol) in 200 mL of THF at ca. -40 o C (Dry 
Ice- CH 3 CN bath) was treated with iso-butyl chloroform ate (3.2 mL, 24.6 mmol) 
Solid immediately formed. The sample was stirred for 15 minutes, then treated 
wth cold diazomethane (300 mL of an ether solution, freshly prepared for 
D.azald). The sample was stirred at room temperature for 2 hours, cooled to 0°C 
and quenched by dropwise addition of a 48% hydrobromic acid-acetic acid 
solution (35 mL of each). The ice-bath was remove., the sample was stirred at 
room temperature for 30 minutes, then extracted with ethyl acetate-water (500 mL 
of each). The organic extract was washed with water, sat. NaHC0 3 and brine 
solutions, dried (M g S0 4 ), filtered, and concentrated. The residue was crystallized 
from dichloromethane-hexanes to give 10.5 g (63%) of3^f2^i. 

ber^loxycarbonylamino-4-tert-butoxycarbonyl-butyrylamino)-3-me^ 
butyrylaminoJ-5-bromcM-oxo-pentanoic acid tert-butyl ester 
(Z-Glu(OtBu)ValA S p(OtBu)CH 2 Br) as a white solid. 
Analysis calculated for C 3 j H 46 BrN 3 0 9 (684.636): 

C, 54.39; H, 6.77; N, 6.14. 
Found: C, 54.24; H, 6.63; N, 6.08. 

StepF 

A mixture of Z-Glu(OtBu)ValAsp(OtBu)CH 2 Br (9.4 g, 13.8 mmol 
Example 6, Step E), 1-naphthylacetic acid (3.2 g, ,7.2 mmol) and potassium 
fluoride (2.0 g> 34.4 mmol) in 20 mL of DMF was stirred at room temperature for 
12 hours. The mixture was partitioned between ethyl acetate and saturated 
NaHC0 3 solution. The organic extract was washed with sat. KH 2 P0 4 and brine 
solutions, dried (MgS0 4 ), filtered and concentrated to give 3- t 2-(2-benzyloxy- 
carbonylamino-4-^^ 

5-(naphmalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester as a white solid 
mp92-105°C. 
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Analysis calculated for C43H55N3O1 1 (789.931): 

C, 65.38; H, 7.02; N, 5.32. 
Found: C, 65.13; H, 7.20; N, 5.36. 



StepG 

5 A solution of 3-[2-(2-ben2yloxycarbonylamino-4-tert-butoxycarbonyl- 

buryrylamino)-3-methyl-butyrylamino]-5-(naphthalen-l-yl-acetoxy)-4-oxo- 
pentanoic acid tert-butyl ester (1.0 g, 1.27 mmol, Example 6, Step F) and 10 mL 
of trifluoroacetic acid in 20 mL of dichloromethane was stirred at room 
temperature for 1 hour. The solution was concentrated to a light yellow oil. Ether 
10 (-50 mL) was added and the oil slowly solidified. The mixture was filtered and 

vacuum dried to give 0.81 g (95%) of 3-[2-(2-benzyloxycarbonylamino- 
4-carboxy-butyrylamino)-3-methyl-butyrylamino]-5-(naphthalen-l-yl-acetoxy)- 

4- oxo-pentanoic acid as a white solid. 

Analysis calculated for C35H39N3O1 1«0.70 H2O (690.325): 

15 C, 60.90; H, 5.90; N, 6.09. 

Found: C, 60.90; H ? 5.90; N, 6.30. 

In a process analogous to Example 6, the corresponding compounds were 
prepared: 

EXAMPLE 6a 

20 3-r2-f2-Beri2vloxvcarbonvlamino-3-methvl-butvrvlaminoVr>ropionvlaminol- 

5- (naphthalen-l -vl-acetoxvV4-oxo-pentanoic acid as a white solid, mp 160-163°C. 
Analysis calculated for C33H37N3CVO.5O H2O (628.685): 

C, 63.05; H, 6.09; N, 6.68. 
Found: C, 63.13; H, 5.96; N, 6.68. 
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EXAMPLE 6b 
3-(2-Acetylarnino-Wthyl-bu^^ 
pentanoic acid 

MS (APCI) m/z 457.5 (M+l) 



EXAMPLE 6c 

3-r2-(2-BenzYloxYcarbonvlamtno-3-methv1.hnt y ^ ]aminn ^ 

5-(3,3-diphenvl-propiony1oxy)-4-oxo-Dent a nn 1 V ^ ^ a white so , id5 
mp 99-I04°C. 

Analysis calculated for C 36 H 41 N309 (659.743): 

C, 65.54; H, 6.26; N, 6.37. 
Found: C, 65.25; H, 6.23; N, 6.25. 

EXAMPLE 6d 

H2-BenzyloxycarbonyIamino-3-me^ 

pentanoic acid 

MS (APCI) m/z 549.0 (M+l) 



EXAMPLE 6e 

3-r2-(2-BenzYloxycarhony1^ 

frrtyryl^ r ™*— i~ nriri aS white 

solid. 

Analysis calculated for C39H45N3O1 r 0.50 H 2 0 (740.815): 

C, 63.23; H, 6.26; N, 5.67. 
Found: C, 63.14; N, 6.16; N, 5.55. 
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EXAMPLE 6f 

3-f2-(2-Benzy1oxvcarbonvlam^ 

5-(2-benzvl-^-phenvl-propionvloxvV4-oxo-pe ntanoic acid as a white solid. 
Analysis calculated for C37H 4 3N 3 Ocr0.13 CF 3 C0 2 H (688.593): 
5 C, 64.99; H, 6.31; N, 6.10. 

Found: C, 64.98; H, 6.50; N, 6.10. 

EXAMPLE 6g 

3-[2-r2-BerizvloxvcarbonvlaminoO-methvl-bu tvrvlamino>-propionvlam 
5-(naohthalen-l -vl-acetoxvV4-oxo-pentanoic acid as a white solid. 
10 Analysis calculated for 033^7^09-0.25 CF 3 C0 2 H (648.184): 

C, 62.08; H, 5.79; N, 6.48. 
Found: C, 62.07; H, 5.85; N, 6.68. 

EXAMPLE 6h 

3- f2-(2-r2-Acetvlamino-3-(4-hvdroxv-phenvn-p ropionvlaminol-4-carboxy- 
15 hutvivlamino}-3-methvl-but^^ 

4- oxo-pentanoic acid as a white solid, mp 156-168°C, dec. 
Analysis calculated for C42H 5 oN40i2-H 2 0 (820.902): 

C, 61.45; H, 6.38; N, 6.82. 
Found: C, 61.43; H, 6.27; N, 6.76. 

20 EXAMPLE 6i 

5- (2-BenzvU3-phenvl-propionvloxvV3 -(2-r4-carboxv-2-(3-phenyl- 
pro pionvlaminoVbutvrvlaminol-3-me^ acid as 
a white solid. 

Analysis calculated for C4oH 47 N 3 Oio-0.13 CF 3 C0 2 H (744.658): 
25 C, 64.94; H, 6.38; N, 5.64. 

Found: C, 64.93; H, 6.63; N, 5.61. 
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EXAMPLE 6j 

1 r .p.r gr K nvv .?.n- P he^T r "" i "" vl ^ inoVb,l ^ lamino1 ' 3 - mefevI ' 
K„ ^l ami no^-S-(n - T ^ al — 1 -v1-acetowV4-oxo-pentanoic acid as a white solid. 
Analysis calculated for C 3 6H4lN 3 Ol0-0.44 CF 3 C0 2 H (725.913): 
5 C, 61.02; H, 5.75; N, 5.79. 

Found: C, 61.04; H, 6.04; N, 6.19. 

EXAMPLE 6k 

^ r .Rpn ^lnvvcarrK)n y l^inn-^-methvl-hntvrvlarnino)-5-(3,3-<iiphenvl- 

pm pionvloxv'H l-"™ -pentanoic acid 
10 MS (APCI) m/z 588.9 (M+l) 

EXAMPLE 61 

, p.A^t yl^ino-Vhvdroy Y-^^™^ 
pentanoic acid 

MS (APCI) m/z 456.9 (M-1) 



15 



EXAMPLE 6m 
?p ^,i^^4wdroxv^ 
pentanoic acid 

MS (APCI) m/z 496.9 (M-1) 

EXAMPLE 6n 

20 ^ ( 9.??-r2-Acetv?^i""-^-nH-in d »l-^vn-"ronionvlamino1-4-ca r boxY- 

br . in ,,^;^ 1 -^n 1 .thv1-hu ^l g m^nV5.r2-ben^l-Vphe n vl-propionYloxY)- 

4-oxo-nentanoic acid as an orange solid. 
Analysis calculated for C44H51N5C-H-1.33 H 2 0 (849.944): 
C, 62.18; H, 6.36; N, 8.24. 
25 Found: C, 62.16; H, 6.24; N, 8.18. 
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EXAMPLE 60 

pm pinnvlaminol-p fintanoic acid 
MS (APCI) m/z 573.2 (M+l) 

EXAMPLE 7 

^-(2-l242-A ^t y1 a mino-3-(l H-indo1-3-vlVpronionyla m 

pentanoic acid 
Step A 

A solution of 3-[2-(2-benzyloxycarbonylamino-4-tert-butoxycarbonyl- 
but y rylamino)0-methyl-butyrylamino]-5-(naphthalen-l-yl-acetoxy)-4-oxo- 
pentanoic acid tert-butyl ester (5.3 g, 6.7 mmol, Example 6, Step F) in 300 mL of 
ethanohTHF (2:1) was treated with 0.6 g of 20% Pd/C and hydrogenated at room 
temperature, balloon pressure for 3 hours. The sample was filtered and 
concentrated to 5.0 g (>100%) of 3-[2-(2-amino-4-tert-butoxycarbonyl- 
butyrylamino)-3-methyl-bu^ 
pentanoic acid tert-butyl ester as yellow oil. 

StepB 

A mixture of 3-[2-(2-amino-4-tert-butoxycarbonyl-butyrylamino)- 
3-methyl-butyrylamino]-5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid tert- 
butyl ester (1.25 g, 1.91 mmol, Example 7, Step A), AcTrp-OH (0.52 g, 
2.10 mmol), HOBT-H 2 0 (0.32 g, 2.10 mmol), EDCLHC1 (0.40 g, 2.10 mmol) 
and 4-methylmorpholine (0.26 mL, 2.36 mmol) in 25 mL of dichloromethane was 
stirred at room temperature for 12 hours. The sample was concentrated, then 
partitioned between ethyl acetate and sat. NaHC0 3 solution. The organic extract 
was washed with sat. KH 2 P0 4 and brine solutions, dried (MgS0 4 ), filtered and 
concentrated. The residue was chromatography (MPLC, silica gel, 25% hexanes- 
75% ethyl acetate) to give 0.95 g (56%) of 3-(2-{2-[2-acetylamino-3-(lH-indol- 
3-yl)-propionylamino]-4-tert-butoxycarbonyl-butyrylamino}-3-methyl- 
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butyrylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid, tert-butyl ester 
as a white solid. 

StepC 

A solution of 3-(2-{2-[2-acetylamino-3-(lH-indol-3-yl)-propionylamino]- 
4-tert-butoxycarbonyl-bu^ 

acetoxy)-4-oxo-pentanoic acid, tert-butyl ester (0.93 g, 1.05 mmol, Example 7, 
Step B) and 10 mL of trifluoroacetic acid in 20 mL of dichloromethane was stirred 
at room temperature for 2 hours. The sample was concentrated to a purple oil. 
Ether (-50 mL) was added and the oil slowly solidified. The sample was filtered 
and vacuum dried to give 0.78 g (96%) of 3-(2-{2-[2-acetylamino-3-(lH-indol- 
3-yl)- P ropionylamino]-4-carboxy-butyrylamino}-3-memyl-butyryla m ino)- 
5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid as a light purple solid. 
Analysis calculated for C40H45N5O1 1'0.50 H 2 0 (780.839): 

C, 61 .53; H, 5.94; N, 8.97. 
Found: C, 61.45; H, 6.12; N, 8.81. 

In a process analogous to Example 7, the corresponding compounds were 
prepared: 

EXAMPLE 7a 

r t .p_ ( ->.A f - P t y1 a mino-4-c a rhnvv-h.itvrvlamino>3-methyl-hutvrylaminol- 
Wna phthalen-1 . Y l. a r.gtnxv>-4-o v"-pe"tanoic acid as an off-white solid. 
Analysis calculated for C29H35N3O lO'^O (603.632): 

C, 57.70; H, 6.18; N, 6.96. 
Found: C, 57.59; H, 6.1 1; N, 7.28. 

EXAMPLE 7b 

^. ( o- r -p-A^tvl a mino^ - ^-hvHroxv-ohenvl)-propiony1aminoH-carbo x Y- 
^.^ n .i^ ; ^ > ^- m .thvl.butv ^l^;nnVS-(naDhthalen-1-vl-acetox Y )-4-oxo- 

pentanoic acid as a white solid. 
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Analysis calculated for C 38 H44N 4 Oi2-H20 (766.809): 

C, 59.52; H, 6.00; N, 7.31. 
Found: C, 59.36. H, 5.79; N, 7.24. 

EXAMPLE 8 

5 Mr .r ar h.vv-cvcl o^^n^ a rhnnvn-arnino1-S-(naphthal e n-1-y1-acetoxY)-4-oxo- 

pentanoic acid 
Step A 

A solution of the hydrochloride salt of 3 amino-5-(naphthalene-l-yl- 
acetox y )-4-oxo-pentanoic acid tert-butyl ester (1.7 g, 4.6 mmol) (Example 2, 

10 Step A) and 1,2-trans-cyclohexanedicarboxylic anhydride (0.79 g, 5.1 mmol) in 
30 mL of methylene chloride was treated with pyridine (5 mL) and a catalytic 
amount of dimethylaminopyridine (DMAP). The reaction mixture was stirred at 
room temperature overnight and the solvent was evaporated. The residue was 
partitioned between diethyl ether and 5% HQ, and the layers separated. The 

15 organic layer was washed with 5% HC1, dried (MgS0 4 ), filtered, and 

concentrated. The crude product was purified by flash chromatography (silica gel , 
15% acetone/1% formic acid/methylene chloride) to give 0.3 g of pure 3-[(2- 
carboxy-cyclohexanecarbonyD-aminol-SKnaphthalen-l-yl-acetoxyH-oxo- 

pentanoic acid tert-butyl ester as a mixture of two diastereomers. 
20 MS(APCI)m/z524(M-l). 



25 



StepB 

A solution of 3-[(2-carboxy-cyclohexanecarbonyl)-amino]-5-(naphthalen- 
l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester (0.181 g, 0.3444 mmol) in 
6 mL methylene chloride was treated with 4 mL of 50% trifluoroacetic acid (in 
methylene chloride). The reaction mixture was stirred at room temperature for 
4 hours, diluted with toluene (50 mL), and concentrated under reduced pressure to 
give3-[(2-carboxy-cyclohexanecarbon y l)-amino]-5-(naphthalen-l-yl-acetoxy)- 

4-oxo-pentanoic acid as a colorless solid (mixture of two diastereomers). 
MS (APCI m/z 470 (M+l) 
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EXAMPLE 8a 

^fp-N/i.th^ YrRrhonvl - ^nnh^anecarbonvlVaminol-S-diaphthalen-l-Yl- 

anetf>xvV4-o v"-pentanoic acid 
Step A 

5 A solution of 3-[(2-carboxy-cyclohexanecarbonyl)-amino]-5-(naphthalen- 

l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester (2.3 mmol) (Example 8, 
Step A) in 5 mL methylene chloride was treated with excess of diazomethane in 
ether. The reaction mixture was stirred for 3 hours at room temperature and then 
quenched by the dropwise addition of glacial acetic. The solvent was evaporated 

10 under reduced pressure to give 3 -[(2-methoxycarbonyl-cyclohexanecarbonyl)- 
amino]-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester. 

MS (APC1) m/z 540 (M+l) 



15 



20 



25 



30 



StepB 

The targeted compound was prepared from the corresponding tert-butyl 
ester as described for Example 8, Step B to yield 3-[(2-methoxycarbonyl- 
cyclohexanecarbonyl)-amino]-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicacid. 

MS (APC1) m/z 484 (M+l) 

EXAMPLE 8b 

^-r<-9-C a rbam " Y'-rvr.lr.hexa r ^^hnnvn-amin6l-5-(naphthalen-1-yl-acetoxy)- 

4-oxo-pe"tanoic acid 
Step A 

A solution of DCC (0.18 g, 0.88 mmol) and HOBT (0.12 g, 0.88 mmol) in 
20 mL methylene chloride was added dropwise to a solution of 3-[(2-carboxy- 
cyclohexanecarbonyl)-amino]-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoicacid 

tert-butyl ester (0.45 g, 0.85 mmol) (from Example 2, Step A) and triethylamine 
(0.099 g, 0.98 mmol) in 25 mL methylene chloride and the reaction mixture was 
stirred for 30 minutes at room temperature. Hexamethyldisilazane (0.80 g, 
4.9 mmol) was added, and the reaction mixture was stirred at room temperature 
overnight. The reaction mixture was poured into 100 mL ether and extracted three 
times with 5% HC1, then washed with saturated NaCl. The organic layer was dried 
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(MgS0 4 ), filtered and concentrated under reduced pressure. The residue was taken 
up in ether/hexane, filtered, and concentrated to give a sticky foam. After 
purification by flash chromatography, 3[(2-carbamoyl-cyclohexanecarbonyl)- 
ammo]-5-(naphmalen-l-yl-acetoxyM-oxo-pentanoic acid tert-butyl ester (0.086 g) 
5 was obtained as a mixture of two diastereomers. 

MS (APCI) m/z 525 (M+l) 

StepB 

The targeted compound was prepared from the corresponding tert-butyl 
ester as described for Example 8, Step B to yield 3-[(2-carbamoyl- 
1 0 C yclohexanecarbonyl)-amino]-5-(naphthalen-l -yl-acetoxy)-4-oxo-pentanoic acid. 

MS (APCI) m/z 467 (M-l). 

EXAMPLE 9 

^-n-R e nzvl S ulfanvl-2-methv l -p rn pi»nvlaminoV5-(naphthalen-l-yl-acetoxy)- 

4-oxo-pentanoic acid 
15 Step A 

To a solution of 3-benzylsulfanyl-2-methyl-propionic acid (3.3 g, 
15.8 mmol) and H-Asp(OtBu)OMe-HCl (3.7 g, 15.8 mmol) in dimethylformamide 
(50 mL) was added at 0°C l-ethyl-3-(3'-dimethylaminopropyl)carbodiimide'HCl 
(3.25 g, 17.0 mmol) and triethylamine (4.4 g, 43.8 mmol). The mixture was stirred 

20 at room temperature for 1 6 hours. Most of the solvent was removed under reduced 

pressure, the residue was partitioned between ethyl acetate and 5% citric acid. The 
ethyl acetate extract was washed with sodium hydrogen carbonate and water, dried 
over sodium sulfate, and concentrated to give 6.3 g of an amorphous residue. The 
residue was dissolved in 100 mL of dioxane/water (1:1) and hydrolyzed in the 

25 presence of thymolphthalein by dropwise addition of IN NaOH (1 5.0 mL). After 

evaporation of most of the dioxane and dilution with water, the aqueous solution 
was extracted with ether, acidified with dilute HC1 to pH 2-3, and the product 
extracted into ethyl acetate. The ethyl acetate extract was washed with water, dried 
over sodium sulfate, and concentrated to give 6.3 g of crude product. 
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Chromatography over silica gel (dichloromethane/methanol 30:1) afforded 5.5 g 
of N-(3-benzylsulfanyl-2-methyl-propionyl)-aspartic acid 4-tert-butyl ester. 

StepB 

To a solution of N-(3-benzylsulfanyl-2-methyl-propionyl)-aspartic acid 
5 4-tert-butyl ester (5.4 g, 14.2 mmol) in tetrahydrofuran (670 mL) at -15°C was 

added N-methylmorpholine (1.5 mL, 16.0 mmol) followed by dropwise addition 
of ethyl chloroformate (1.6 mL, 16.0 mmol). After 15 minutes at -10°C, 1 10 mL 
of a 0.2N solution of diazomethane in ether was added dropwise. The reaction was 
kept for 2 hours at room temperature, then 40 mL of a solution of 48% HBr in 
10 glacial acetic acid (1:1) was added dropwise at 0°C. After stirring for 15 minutes, 

the reaction mixture was poured into ethyl acetate. The organic phase was washed 
3x with saturated aqueous sodium hydrogencarbonate then with water, dried over 

sodium sulfate, and concentrated under reduced pressure to give 3-(3- 
benzylsulfanyl-2-methyl-propion-l-yl)amino-5-bromo-4-oxo-pentanoicacid 

1 5 tert-butyl ester (4.2 g). 

StepC 

To a mixture of 3-(3-benzylsulfanyl-2-methyl-propionyl)amino-5-bromo- 
4-oxo-pentanoic acid tert-butyl ester (0.92 g, 2.0 mmol) and potassium fluoride 
(0.35 g, 6.0 mmol) in dimethylformamide (40 mL) was added 

20 1-naphthalenelacetic acid (0.37 g, 2.0 mmol). The mixture was stirred at room 

temperature for 16 hours. Most of the solvent was evaporated under reduced 
pressure, the residue was partitioned between ethyl acetate and water. The organic 
phase was washed successively with aqueous sodium hydrogen carbonate and 
water, dried over sodium sulfate, and evaporated under reduced pressure. 

25 Chromatography over silica (dichloromethane/acetone 40:1) gave 0.46 g 3-(3- 

benzylsulfanyl-2-methyl-propionyl)amino-5-(naphthalene-l-yl-acetoxy)-4-oxo- 

pentanoic acid tert-butyl ester. 
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Step D 

3-(3-Benzylsulfanyl-2-methyl- P ropionyl)amino-5-(naphthalene-l- 
yl)acetoxy-4-oxo-pentanoic acid tert-butyl ester (0.12 g, 0.21 mmol) in 10 mL of a 
1:1 mixture of dichloromethane/trifluoroacetic acid containing 0.1 mL of anisol 
was stirred at room temperature for 45 minutes. Evaporation under reduced 
pressure followed by chromatography over silica (dichloromethane/methanol 40:1 
to 20:1) gave 3-(3-benzylsulfanyl-2-methyl-propionylamino)-5-(naphthalene-l-yl- 

acetoxy)-4-oxo-pentanoic acid (0.1 1 g). 
MS (ESI) m/z 508.4 (M+l) 

EXAMPLE 9a 

^f7-Methvl-3- r h ™ Y'™ eth ™ es1 llf "^ 
acetoxv)-4-oxo-pentan oic acid 

Step A 

To3-(3-phenylmethanesulfanyl-2-methyl-propionylamino)-5- 
(naphthalene-l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester (0.33 g, 
0.58 mmol) in ethanol (10 mL) from Example 9, Step C in 10 mL of ethanol was 
added at 0°C under stirring potassium monoperoxysulfate (1 .74 mmol as a 
solution of 0.54 g oxone in 2 mL of water). The resulting slurry was stirred for 
4 hours at room temperature. The reaction mixture was partitioned between 
dichloromethane and water. The organic phase was washed with aqueous sodium 
hydrogen carbonate and water, dried over sodium sulfate, and evaporated under 
reduced pressure. Chromatography over silica (dichloromethane/acetone 40:1) 
gave 0.25 g of 3-(3-phenylmethanesulfanyl-2-methyl-propionyl)amino-5- 
(naphthalene-l-yl-acetoxy)-4-oxo-pentanoic acid tert-butyl ester. 

StepB 

3-(3-Phenylmethanesulfanyl-2-methyl-propionyl)amino-5-(naphthalene-l- 
yl-acetoxy)-4-oxo- P entanoic acid tert-butyl ester (0.21g, 0.35 mmol) in 20 mL of a 
1:1 mixture of dichloromethane/trifluoroacetic acid containing 0.2 mL of anisol 
was stirred at room temperature for 45 minutes. Evaporation under reduced 
pressure followed crystallization from dichloromethane/ether/hexane gave 
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3-(2-methyl-3-phenylmethanesulfonyl-propionylamino)-5-(naphth^ 
acetoxy)-4-oxo-pentanoic acid (0.16 g). 
MS (ESI) mix 540.2 (M+l) 

EXAMPLE 9b 

5 Vf3-f2-Carboxv-ethanesulf^ 
acetoxvV4-oxo-pentanoic acid 
Step A 

To a solution of 3-(2-tert-butyloxycarbonyl)ethanesulfanyi-2-methyl- 
propionic acid (5.0 g, 20.0 mmol) and H-Asp(OtBu)OMe-HCl (4.8 g, 20.0 xnxnol) 

1 0 in dimethylformamide (60 mL) was added at 0°C 1 -ethyl-3-(3 / - 

dimethylaminopropyl)carbodiimide-HCl (3.85 g, 20.0 mmol) and triethylamine 
(6.0 g, 60 mmol). The mixture was stirred at room temperature for 16 hours. Most 
of the solvent was removed under reduced pressure, the residue was partitioned 
between ethyl acetate and 5% citric acid. The ethyl acetate extract was washed 

1 5 with sodium hydrogen carbonate and water, dried over sodium sulfate, and 

concentrated to give after silica gel chromatography (dichloromethane/acetone 
15:1) 5.5 g of an amorphous residue. The residue was dissolved in 50 mL of 
dioxane/water (4:1) and hydrolyzed in the presence of thymolphthalein by 
dropwise addition of IN NaOH (12.5 mL). After evaporation of most of the 

20 dioxane and dilution with water, the aqueous solution was extracted with ether, 

acidified with dilute HC1 to pH 2-3, and the product extracted into ethyl acetate. 
The ethyl acetate extract was washed with water, dried over sodium sulfate, and 
concentrated to give 5.2 g of N-(3-(2-tert-butyloxycarbonyl)ethanesulfanyl-2- 
methyl-propionyl))-aspartic acid 4-tert-butyl ester. 

25 Step B 

To a solution of N-(3-(2-tert-butyloxycarbonyl)ethanesulfanyl-2-methyl- 
propionyl)-aspartic acid 4-tert-butyl ester (4.5 g, 10.7 mmol) in tetrahydrofuran 
(60 mL) at -15°C was added N-methylmorpholine (1.65 mL, 15.0 mmol) followed 
by dropwise addition of ethyl chloroformate (1.35 mL, 13.5 mmol). After 
30 1 5 minutes at - 1 0°C, 1 05 mL of a ca 0.2N solution of diazomethane in ether was 
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added dropwise. The reaction was kept for 2 hours at room temperature, then 
30 mL of a solution of 48% HBr in glacial acetic acid (1 :1) was added dropwise at 
0°C. After stirring for 15 minutes, the reaction mixture was poured into ethyl 
acetate. The organic phase was washed 3x with saturated aqueous sodium 
5 hydrogencarbonate then with water, dried over sodium sulfate, and concentrated 

under reduced pressure to give 3-(3-(2-tert-butyloxycarbonyl)ethanesulfanyl-2- 
methyl-propion-l-yl)amino-5-bromo-4-oxo-pentanoic acid tert-butyl ester (4.2 g). 

StepC 

To a mixture of 3-(3-(2-tert-butyloxycarbonyl)ethanesulfanyl-2-methyl- 
10 propionyl)amino-5-bromo-4-oxo-pentanoic acid tert-butyl ester (1 .65 g, 3.3 mmol) 
and potassium fluoride (0.58 g, 10.0 mmol) in dimethylformamide (50 mL) was 
added 1-naphthalenelacetic acid (0.75 g, 4.0 mmol). The mixture was stirred at 
room temperature for 16 hours. Most of the solvent was evaporated under reduced 
pressure, the residue was partitioned between ethyl acetate and water. The organic 
1 5 phase was washed with aqueous sodium hydrogen carbonate and water, dried over 

sodium sulfate, and evaporated under reduced pressure. Chromatography over 
silica (dichloromethane/acetone 40:1) gave 0.89 g 3-(3-(2-tert-butyloxycarbonyl)- 
ethanesulfanyl-2-methyl-propionyl)amino-5-(naphthalene-l-yl-acetoxy)-4-oxo- 

pentanoic acid tert-butyl ester. 
20 Step D 

3-(3-(2-tert-Butyloxycarbonyl)ethanesulfanyl-2-methyl-propionyl)amino- 
5-(naphthalene-l-yl)acetoxy-4-oxo-pentanoic acid tert-butyl ester (0.21 g, 
0.33 mmol) in 10 mL of a 1:1 mixture of dichloromethane/trifluoroacetic acid 
containing 0.1 mL of anisol was stirred at room temperature for 45 minutes. 
25 Evaporation under reduced pressure and treatment of the residue with 

dichloromethane/ether/hexane gave 0.08 g of 3-[(3-(2-carbethoxy-ethanesulfanyl)- 
2-methyl-propionylamino]-5-(naphthalene-l-yl-acetoxy)-4-oxo-pentanoicacid 

(0.11 g). 

MS (ESI) m/z 490.3 (M+l) 
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EXAMPLE 9c 

^■ (9.Rpnrvl-3- P h - Y'-r " ri""vloxY )-^-^-^-carboxv-ethanesnlfonyl>-2-m e thYl- 

pm pionvlami ""l-^-"xo-pentanoicacid 

Step A 

To5-(2-benzyl-3-phenyl-piopionyloxy)-3-[3-(2-carboxy-ethanesulfanylV 
2-methyl- P ropionylamino]-4-oxo-pentanoic acid, tert-butyl ester (0.59 g, 
0.9 mmol) prepared as described in Example 3 in 15 mL of ethanol was added at 
0°C under stirring potassium monoperoxysulfate (2.8 mmol as a solution of 0.86 g 
Oxone in 3 mL of water). The resulting slurry was stirred for 3 hours at room 
temperature. The reaction mixture was partitioned between dichloromethane and 
water. The organic phase was washed with aqueous sodium hydrogen carbonate 
and water, dried over sodium sulfate, and evaporated under reduced pressure. 
Chromatography over silica (dichloromethane/acetone 30:1) gave 0.39 g of 5-(2- 
benz y l-3-phenyl-pro P ionyloxy)-3-[3-(2-carboxy-ethanesulfonyl)-2-methyl- 

propionylamino]-4-oxo-pentanoic acid, tert-butyl ester. 



20 



25 



30 



StepB 

5-(2-Benzyl-3-phenyl-propionyloxy)-3-[3-(2-carboxy-ethanesulfonyl)-2- 
methyl-propionylaminol-4-oxo-pentanoic acid, tert-butyl ester (0.33g, 0.48 mmol) 
in 20 mL of a 1 :1 mixture of dichloromethane/trifluoroacetic acid containing 
0.1 mL of anisol was stirred at room temperature for 45 minutes. Evaporation 
under reduced pressure followed crystallization from ether/hexane gave 5-(2- 
benzyl-3-phenyl-propionyloxy)-3-[3-(2-carboxy-ethanesulfonyl)-2-methyl- 

propionylamino]-4-oxo-pentanoic acid, tert-butyl ester (0.12 g). 
MS (ESI) m/z 576.3 (M+l) 

EXAMPLE 9d 

S- f?-Benzvl-3- r^" y'-r ro " ionv 1 "^ 
7-methvl-Dr" r i " n Y 1amm °l -' 1 -" v "-P < ' ntanoiCacid 
Step A 

To5-(2-benzyl-3-phenyl-propionyloxy)-3-[3-(3-carboxy-propanesulfanyl)- 
2-methyl-propionylamino]-4-oxo-pentanoic acid, tert-butyl ester (0.28 g, 
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0.42 mmol) prepared as described in Example 3 in 4 mL of dichloromethane was 
added at -50°C under stirring 0.13 of 70% 3-chloroperbenzoic acid (0.53 mmol). 
The reaction mixture kept for 1 hour at -30°C then partitioned between 
dichloromethane and water. The organic phase was washed with aqueous sodium 
hydrogen carbonate (2x) and water, dried over sodium sulfate, and evaporated 
under reduced pressure. Chromatography over silica (dichloromethane/acetone 
10:1) gave 0.15 g of 5-(2-ben Z yl-3-phenyl-propionyloxy)-3-[3-(3-carboxy- 
propane-1 - su lf,nyl)-2-methyl-propionylamino]-4-oxo-pentanoic acid, tert-butyl 

ester. 



10 



15 



20 



25 



StepB 

5-(2-Ber^l-3-phenyi-propionyloxy)-3-[3-(3-carboxy-propane-l-sulfinyl)- 
2.methyl-propionylamino]-4-oxo.pentanoic acid, tert-butyl ester (0.40 g, 
0.57 mmol) in 30 mL of a 1 :1 mixture of dichloromethane/trifluoroacetic acid 
containing 0.1 mL of anisol was stirred at room temperature for 45 minutes. 
Evaporation under reduced pressure followed crystallization from ether/hexane 
gave the title compound (0.14 g). 
MS (ESI) m/z 574.3 (M+l) 

In a process analogous to Example 9, using appropriately substituted 
sulfanyl carboxylic acids, the corresponding compounds were prepared: 

EXAMPLE 9e 

pentanoic acid 
MS (ESI) m/z 494.3 (M+l) 

EXAMPLE 9f 

vr%MethvlO-r ^ 
d.rtYn- pftntanoic acid 
MS (El) m/z 493 (M+) 
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EXAMPLE 9g 

r rn r mn Y lainino )-4-oxo-pentanoicacid 
MS (ESI) m/z 548.3 (M+l) 

EXAMPLE 9h 

4-oxo-pentanoic acid 

MS (ESI) m/z 522.2 (M+l) 

EXAMPLE 9i 

r rr> r mnvlamin n)-4-oxo-pentanoicacid 
MS (ESI) m/z 576.3 (M+l) 

EXAMPLE 9j 

\S r ro pionvlami nn)-4-oxo-pentanoic acid 

MS (ESI) m/z 5623 (M+l) 

EXAMPLE 9k 

ppntnnoic acid 
20 MS (ESI) m/z 546.3 (M+l ) 

EXAMPLE 91 

i. p_M.*hvl.W3-phr " Yl-l ™ H«^ 
acetoxvV4- "V"-pentanoic acid 

MS (ESI) m/z 536.4 (M+l) 

25 In a process analogous to Example 9a, using appropriately substituted sulfone 

carboxylic acids, the corresponding compounds were prepared: 
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EXAMPLE 9m 

4-oxo-pentanoic acid 
(ESI) MS m/z 526.4 (M+l) 

5 EXAMPLE 9n 

y^Rpnzenesulfonvl - ?-™^ 
prn pionvloxvV4-oxo-pentanoic acid 
MS (ESI) m/z 580.2 (M+l) 

EXAMPLE 9o 

pro pmnvlamin ol -4-oxo-p entanoic acid 
MS (ESI) m/z 608.2 (M+l) 

EXAMPLE 9p 

^49-MPthv1-3-(2-phe.nvl-ethane s nlfonvlVnropionvlamino1-5-(naph^^ 

15 acetoxvM-oxo-penta noic acid 

MS (ESI) m/z 554.2 (M+l) 

EXAMPLE 9q 

^.pM^lpn-l-vl-^ 

pentanoic acid 
20 MS (ESI) m/z 526.2 (M+l) 



EXAMPLE 9r 

^(9-R.nrvl-3-ph^ Y 1-pro pionvloy yV^-^-methvl-3-phenvlmeth 
pro pionvlaininoV4-oxo- pentanoic acid 
MS (ESI) m/z 594.2 (M+l) 
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EXAMPLE 9s 

5 r p^,i_,_ r ^n Y 1-p^^ 
prn pinnvlamin^ -r^ntanQic acid 
MS (ESI) m/z 580.1 (M+l) 

EXAMPLE 9t 

1- Y 1-acetoxvV4-oxo-pent anoic acid 
MS (ESI) m/z 568.2 (M+l) 

EXAMPLE 9u 

1 .cii1fnn ylVpropion y^^i""1-4'OXo-pentanoic acid 
MS (ESI) m/z 6223 (M+l) 

In a process analogous to Example 9b, using appropriately substituted sulfanyl 
carboxylic acids, the corresponding compounds were prepared: 

EXAMPLE 9v 

pm pionvlaminr >l-4-oxo-pentanoic acid 
MS (ESI) m/z 544.4 (M+l) 

EXAMPLE 9w 

20 M M ,.r. a rhoxv^ ^^^ 

acetoxvV4- ^ v ^-p^ tanoic acid 
MS (ESI) m/z 504.2 (M+l) 

EXAMPLE 9x 

25 pro pionvlami ^^1-4-oxo-pentanoic acid 

MS (ESI) m/z 558.2 (M+l) 



15 
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EXAMPLE 9y 

, n ^wy^thvlsulfa ^i-^^^ 1 -yl- 

acid 

MS (ESI) m/z 476.1 (M+l) 

EXAMPLE 9z 

r rnpinn Ylamino> -4-nxo-pentanoic acid 
MS (ESI) m/z 530.1 (M+l) 

In a process analogous to Example 9c, using appropriately substituted 
10 sulfonyl carboxylic acids, the corresponding compounds were prepared: 

EXAMPLE 9aa 

aretoxv^-4-oy "-r ftntanoic acid 
MS (ESI) m/z 522.3 (M+l) 

EXAMPLE 9bb 

, p_p_r ar w y .pronan ^ -^^ 
l-yl-acetoxY)-4-oxo-pen tanoic acid 
MS (ESI) m/z 536.3 (M+l) 

EXAMPLE 9cc 

acetoxv^ -^xo-pentanoic acid 
MS (ESI) m/z 508.3 (M+l) 

EXAMPLE 9dd 

25 9.m^hvl-nrop^n y l a minol-4-oxo-pentanoic acid 

MS (ESI) m/z 588.3 (M-H) 



15 



20 
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EXAMPLE 9ee 

r r^ r inr. Y 1amino>-4-» v^-pe"tanoic acid 
MS (ESI) m/z 560.2 (M-H) 

In a process analogous to Example 9d, using appropriately substituted 
sulfinyl carboxylic acids, the corresponding compounds were prepared: 



EXAMPLE 9ff 

1 -vl-acetoxY>-4-oxo-P ^ntanoic acid 
1 0 MS (ESI) m/z 520.4 (M+l ) 

EXAMPLE 9gg 

acetoxvV4- ™^-pe"tanoic acid 
MS (ESI) m/z 552.2 (M+l) 



15 



20 



25 



EXAMPLE 9hh 

pro pionvlaminol-4-oxo- pentanoic acid 
MS (ESI) m/z 606.3 (M+l) 

EXAMPLE 10 

oxo-pentanoic acid 
Step A 

A solution of (4S)-(-M-isopropyl-2-oxazolidinone (19-85 g, 0.154 mol) in 
400 mL of THF at -78°C under N 2 was treated dropwise with w-butyl lithium 
(64.5 mL, 0.161 mol, 2.5 M solution in hexanes). Solid formed. The mixture was 
stirred at -78°C for 30 minutes, then treated with dropwise addition of tao-valoyl 
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chloride (20.6 mL, 0.169 mol). The reaction was allowed to warm to room 
temperature slowly overnight. The sample was concentrated then partitioned 
between EtOAc and saturated KH 2 0 4 solution. The organic extract was washed 
with brine, dried (MgS0 4 , and the resultant yellow oil was chromatographed 
5 (MPLC, silica gel, 10% EtOAc in hexanes) to give 29.8 g (91%) of 

N-acyloxazolidone as a light yellow oil. 

StepB 

A solution of N-acyloxazolidone (20.8 g, 97.5 mmol, Example 10, Step A) 
in 500 mL of THF at -78°C under N 2 was treated dropwise with sodium 

10 bis(trimethylsilyl)amide (107 mL, 107 mmol, 1.0 M solution in THF). The 

solution was stirred at -78°C for 30 minutes, then treated dropwise with a solution 
of /er/-butyl bromoacetate (18.0 mL, 121.9 mmol) in 100 mL of THF. The sample 
was stirred at -78°C for 1 hour, then quenched by dropwise addition of saturated 
KH 2 P0 4 solution (-125 mL). The mixture was warmed to room temperature, 

1 5 concentrated (to remove most of the THF), then extracted with ether. The organic 

extract was washed with saturated NaHC0 3 and brine solutions, dried (MgS0 4 ), 

concentrated and crystallized from ether-pet ether to give 21.1 g (66%) of 
[(S-(R*,R*)]-3-(4-»sopropyl-2-oxo-oxazolidine-3-carbonyl)-4-methyl-pentanoic 

acid, tert-butyl ester, as a white solid. 
20 Analysis calculated for Ci 7H29NO5 (327.424): 

C, 62.36; H, 8.93; N, 4.28. 
Found: C, 62.30; H, 9.07; N, 4.09. 

StepC 

The hydrolysis of the N-acyloxazolidone was achieved using lithium 
25 hydroperoxide following the procedure of Evans D.A., et al., Tet. Lett. , 

1987;28:6141-6144. To a stirring solution at 0°C of [(S-(R*,R*)]-3-(4-isopropyl- 
2-oxo-oxazolidine-3-carbonyl)-4-methyl-pentanoic acid, tert-butyl ester (9.05 g, 
27.64 mmol, Example 10, Step B) in 250 mL of THF was added dropwise 
hydrogen peroxide (14.1 mL, 138 mmol, 30 wt% solution in water) followed by 
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1.0 M lithium hydroxide solution (55.3 mL, 55.3 mmol). The reaction was 
allowed to warm to room temperature slowly overnight. The reaction was 
concentrated (to remove most of the THF), then the basic solution was washed 
with CH2CI2 (2 x 100 mL). The aqueous phase was cooled, acidified with 
5 saturated KH2PO4 solution to a pH ~5 and extracted into EtOAc. The organic 

extract was washed with brine solution, dried (MgS0 4 ), and concentrated to give 
5.66 g (95%) of (S)-2-isopropyl succinic acid 4-tert-butyl ester as a colorless oil, 
which was used without further purification. 

StepD 

I o A mixture of (S)-2-isopropyl succinic acid 4-tert-butyl ester (1 0.77 g, 

49.80 mmol), (S)-2-amino-succinic acid 1-allyl ester 4-benzyl ester hydrochloride 
(14.93 g, 49.81 mmol), HOBT-H 2 0 (8.4 g, 54.8 mmol), EDCI-HC1 (10.5 g, 54.8 
mmol), and 4-methylmorpholine (8.2 mL, 74.6 mmol) in 250 mL of CH 2 C1 2 was 
stirred at room temperature for 12 hours. The mixture was concentrated, then 

15 partitioned between EtOAc and saturated NaHC0 3 solution. The EtOAc extract 

was washed with saturated KH 2 P0 4 and brine solutions, dried (MgS0 4 ), filtered, 
concentrated, and chromatographed (MPLC, silica gel, 20% EtOAc in hexanes) to 
give 19.21 g (84%) of [S-(R*,R*)]-2-(2-tert-butoxycarbonylmethyl-3-methyl- 
butyrylamino)-succinic acid 1-allyl ester 4-benzyl ester as light yellow oil. 

20 Step E 

A solution of [S-(R*,R*)]-2-(2-tert-butoxycarbonylmethyl-3-methyl- 
butyrylamino)-succinic acid 1-allyl ester 4-benzyl ester (9.3 g, 23.0 mmol, 
Example 10, Step D) and trifluoroacetic acid (35 mL) in 35 mL of CH 2 C1 2 was 
stirred at room temperature under N 2 for 2 hours. The sample was concentrated, 
25 redissolved into CH 2 C1 2 , then treated with EDCI-HC1 (8.8 g, 46.0 mmol), 

HOBT*H 2 0 (6.2 g, 46.0 mmol), and O-benzyihydroxylamine hydrochloride 
(7.3 g, 46.0 mmol). 4-Methylmorpholine (1 1.6 g, 1 15 mmol) was added dropwise, 
and the reaction mixture was stirred at room temperature overnight. The sample 
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was diluted with CH2C1 2 and washed successively with 5% HC1 and sat. nacho 3 
solutions. The organic extract was dried (Na 2 S0 4 ) and concentrated to afford 
10.25 g (88%) of the O-benzyl hydroxamate as a white solid which was carried on 
to the next step without further purification. 

StepF 

The allyl ester was cleaved employing the procedure of Dessolin M., et al., 
Tet. Lett , 1995;36:5741-5744. A solution at 0°C under N 2 of allyl ester (10.25 g, 
19.7 mmol, Example 10, Step E) and tetrakis(triphenylphosphine)palladium (0) 
(0.462 g, 0.40 mmol) in CH2CI2 was treated dropwise with phenylsilane (4.26 g, 
39.4 mmol). The reaction mixture was allowed to warm to room temperature over 
a period of 1 hour, then washed with saturated KH2PO4 solution. The organic 
layer was extracted with 0.5N NaOH. The basic aqueous phase was acidified with 
concentrated HC1 and extracted with EtOAc. The organic extract was dried 
(Na 2 S0 4 ), filtered, and concentrated to afford 6.2 g (72%) of the substituted 
succinic acid 4-benzyl ester as foamy white solid. 

To a solution of above acid (6.0 g, 12.8 mmol) and 4-methylmorpholine 
(1.3 g, 12.8 mmol) in THF (50 mL) at-42°C was added isobutyl chioroformate 
(1.8 g, 12.8 mmol) dropwise. After stirring 30 minutes, the reaction mixture was 
added to a solution of diazomethane in diethyl ether (-0.5 M, 200 mL) at 0°C. The 
reaction mixture was stirred for 2 hours at room temperature then cooled to 0°C. A 
solution of 48% HBr (20 mL) and HO Ac (20 mL ) was added dropwise, and the 
reaction was stirred for 30 minutes at 0°C. The sample was diluted with diethyl 
ether and washed with water (2x) and saturated NaHC0 3 solution (2x). The 
organic layer was dried (Na 2 S0 4 ) and concentrated. The residue was dissolved in 

CH 2 C1 2 , and the product was precipitated with hexanes. The solid was collected 

by filtration, washed well with hexanes, and dried to afford 1.5 g (15%) of the 

bromomethyl ketone as a white solid. 

A mixture of the bromomethyl ketone (0.440 g, 0.82 mmol), 

1-naphthylacetic acid (0.300 g, 1.61 mmol), and potassium fluoride (0.1 16 g, 
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2.0 mmol) in 2.0 mL of DMF was stirred at room temperature for 12 hours. The 
reaction mixture was diluted with EtOAc and washed successively with water (2x) 
and saturated NaHC0 3 solution. The organic layer was dried (Na 2 S0 4 ) and 
concentrated. The residue was crystallized from CH 2 Cl 2 -hexanes to afford 
0.430 g (80%) of napthyl acetic acid ester methyl ketone as a white solid. 

StepG 

To a solution of substituted succinic acid 4-benzyl ester (0.43 g, 
Example 10, Step F) in 75 mL of THF was treated with Pd/C (0.050 g), and the 
mixture was hydrogenated at 50 psi H 2 , room temperature for 2 hours. The 
reaction mixture was filtered and Raney Nickel (0.10 g) was added. The reaction 
mixture was again hydrogenated at 50 psi for 17 hours. The sample was filtered. 
The filtrate was concentrated, and the residue was crystallized from acetone- 
hexanes to afford 0.1 1 1 g (45%) of 3-(2-carbamoylmethyl-3-methyl- 
butyrylamino)-5-(naphthalen-l-yl-acetoxy)-4-oxo-pentanoic acid as a white solid. 

Analysis calculated for C 2 4H 2 8 N 207* 0 - 74 H 2° : 

C, 61.30; H, 6.32; N, 5.96. 
Found: C, 61 .30; H, 6.37; N, 5.94. 

In a process analogous to Example 10, the corresponding compounds were 
prepared: 

EXAMPLE 10a 

^.p.MPth yl^-rnhenethvl^rhamovl -m^hvn-butvrvlaminol-S-Cnaphthalen-l-yl- 

acetoxv')-4-"V"-r' Rntanoic acid 38 a white solid ' 

Analysis calculated for C 32 H 3 6N 2 0 7 -1.5 H 2 0 (587.676): 

C, 65.40; H, 6.69; N, 4.77. 
Found: C, 65.23; H, 6.69; N, 4.74. 

EXAMPLE 10b 

^ f ^r g rh»v Y-?-methvl- r ro pinnvl a minoV5-(naphthalen-1-yl-acetox Y )-4-oxo- 
pentanoic acid 
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EXAMPLE 1 1 

pentanoic acid 

To solution of D-(-)-S-acetyl-P-mercaptoisobutyric acid (14.0 g, 
5 86.4 mmol) in 125 mL of toluene at 0°C under N 2 was added dropwise 

l,8-diazabicyclo[5.4.0]undec-7-ene (DBU, 13.6 g, 89.5 mmol), and then benzyl 
bromide (15.3 g, 89.5 mmol) was added dropwise over a 5-minute period. The 
reaction was allowed to warm to room temperature overnight. The reaction was 
concentrated, diluted with saturated NaHC0 3 solution, and extracted with EtOAc 
10 (3x). The combined organic extract was washed with brine, dried (MgS0 4 ), 

filtered, and concentrated to give D-(-)-S-acetyl-P-mercaptoisobutyric acid, benzyl 
ester, which was carried on without further purification. 

Chlorine gas was bubbled through a 0°C solution of D-(-)-S-acetyl-p- 
mercaptoisobutyric acid, benzyl ester (7.1 g, 20.5 mmol) in 80 mL of carbon 
1 5 tetrachloride:ethanol (9: 1) for 90 minutes. The solution was concentrated. The 

resultant sulfonyl chloride was dissolved into 70 mL of CH 2 C1 2 , cooled to 0°C 
and treated with dropwise addition of a solution of triethylamine (2.4 g, 24.6 
mmol) and bis(p-methoxy-benzyl)amine (5.5 g, 21.5 mmol, J. Org. Chem. , 
1992;57:7065) in 10 mL of CH 2 C1 2 . The solution was stirred at 0°C for 3 hours, 
20 concentrated, diluted with water, and extracted into EtOAc (3x). The combined 

organic extract was washed with brine, dried (MgS0 4 ), filtered, and concentrated. 
The resultant brown oil was chromatographed (MPLC, silica gel, 30% EtOAc in 
hexanes) to give the sulfonamide as a light yellow oil. 

A solution of the sulfonamide (8.45g, 17 mmol) in THF was treated with 
2 5 20% palladium on carbon and hydrogenated at 50 psig H 2 and room temperature 

for 4 hours. The sample was filtered through a pad of Celite and concentrated to 
give the sulfonamide acid as a colorless oil, which solidified upon standing. 

To a solution of the sulfonamide acid (4.1 g, 10 mmol) and pyridine (0.8 g, 
10 mmol) in 100 mL of CH 2 C1 2 at 0°C was added dropwise cyanuric fluoride 
30 (2.76 g, 20 mmol). The sample was stirred at 0"C for 2 hours, diluted with water, 
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and extracted into CH 2 C1 2 (2x). The combined CH 2 C1 2 extract was dried 
(MgS0 4 ), filtered, and concentrated. The resultant oil was dissolved into 100 mL 
of CH 2 C1 2 , then treated with H-Asp(OtBu)OMe.HCl (4.08 g, 17 mmol) followed 
by dropwise addition of 4-methyl-morpholine (2.0 g, 20 mmol). The solution was 
stirred at room temperature for 12 hours, then partitioned between EtOAc and 
saturated NaHC0 3 solution. The organic extract was washed with saturated 
NaH 2 P0 4 and brine solutions, dried (MgS0 4 ), and concentrated to give an oil 

which solidified upon standing. 

The methyl ester (4.58 g, 7.73 mmol) was stirred in methanol (50 mL) and 
0.5N aqueous NaOH (20 mL) overnight at room temperature. Methanol was 
removed in vacuo, and the residue was diluted with water (100 mL), then acidified 
with concentrated HC1 and extracted with EtOAc. The organic layer was dried 
(Na 2 S0 4 ) and concentrated to afford 3.7 g (83%) of the free acid as a foamy 

yellow solid. 

To a solution of the acid (3.7 g, 6.4 mmol) and 4-methylmorpholine 
(0.65 g, 6.4 mmol) in 50 mL of THF at -42°C was added isobutyl chloroformate 
(0.89 g, 6.4 mmol) dropwise. After stirring 30 minutes, the reaction mixture was 
added to a solution of diazomethane in diethyl ether (-0.3 M, 100 mL) at 0°C. The 
reaction mixture was stirred for 2 hours at room temperature, then cooled to 0°C. 
A solution of 48% HBr (15 mL) and HOAc (15 mL) was added dropwise, and the 
reaction was stirred for 30 minutes at 0°C. The sample was diluted with diethyl 
ether and washed with water (2x) and saturated NaHC0 3 solution (2x). The 
organic layer was dried (Na 2 S0 4 ) and concentrated to afford 3.88 g (97%) of the 

bromomethyl ketone as a yellow solid. 

A mixture of bromomethyl ketone (0.624 g, 1.0 mmol), 1-naphthylacetic 
acid (0.372 g, 2.0 mmol), and potassium fluoride (0.145 g, 2.5 mmol) in 2.0 mL of 
anhydrous DMF was stirred at room temperature for 12 hours. The reaction 
mixture was diluted with EtOAc and washed successively with water (2x) and 
saturated NaHCQ 3 solution. The organic layer was dried (Na 2 S0 4 ), concentrated, 
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and the residue was chromatographed (MPLC, silica gel, hexanes-EtOAc [2:1]) to 
afford 0.470 g (62%) of di-p-methoxybenzyl sulfonamide as a white solid. 

A mixture of di-p-methoxybenzyl sulfonamide (0.760 g, 1.0 mmol) and 
ammonium cerium (IV) nitrate (CAN, 4.39 g, 8.0 mmol) was stirred in 95% 
CH 3 CN and 5% H 2 0 (20 mL) for 18 hours. The CH 3 CN was removed in vacuo, 
the sample was diluted with EtOAc, and washed with saturated NaHC0 3 solution 
<2x). The organic layer was dried (Na 2 S04), concentrated, and the residue was 
chromatographed (MPLC, silica gel, 50% EtOAc-50% hexanes) to afford 0.280 g 
(54%) of the desired primary sulfonamide tert-butyl ester. 

The primary sulfonamide tert-butyl ester (0.375 g, 0.72 mmol) was treated 
with trifluoroacetic acid (5 mL) and CH 2 C1 2 (5 mL) for 1 hour at room 
temperature. The solvents were removed in vacuo to afford a yellow solid. The 
residue was recrystallized from CH 2 Cl 2 -hexanes to afford 0.090 g (27%) of 3-(2- 
methyl-3-sulfamoyl-pro P ionylamino)-5-(na P hthalen-l-yl-acetoxy)-4-oxo- 

pentanoic acid as an off-white solid. 

Analysis calculated for C 2 iH 24 N 2 O 8 Si«0.27 CF 3 C0 2 H: 

C, 52.23; H, 4.94; N, 5.66. 
Found: C, 52.23; H, 5.07; N, 5.54. 

INHIBITION STUDIES 

Compounds of Formula I are inhibitors of ICE as demonstrated by 
measurement of Kj (uM) and IC 50 <!**> using the protocol described herein. ICE 
(0.24 nM final concentration) is added to 400 uL of HGDE buffer (100 mM 
HEPES, 20% glycerol, 5 mM DTT, 0.5 mM EDTA) containing 15 uM substrate 
(Ac-Tyr-Val-Ala-Asp-AMC; Km = 15 uM) plus vehicle (DMSO) or inhibitor at 
concentrations bracketing the K { . Substrate hydrolysis is monitored for 
300 seconds by observing the fluorescence of released AMC using excitation at 
380 nm and emission at 460 nm. Mean rates of substrate hydrolysis are evaluated 



* 
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by linear-regression analysis of the fluorescence vs time traces. To evaluate K if 
plots of percent inhibition vs inhibitor concentration are fit by non-linear 
regression to a reversible, competitive model: 

100* [I] 

% Inhibition =- 



[I]+Ki*(l + f^ 



5 where the competition factor (1 + [S]/Km) - 2. 

prmp rvilnlar Assay - ICsn Determ inations 

Further evidence that compounds of Formula I are inhibitors of ICE is 
provided by their ability to inhibit IL-lp production in human peripheral blood 
mononuclear cells (PBMCs) as described herein. PBMCs are isolated from 
10 heparinized blood by centrifugation over a Ficoll cushion, then washed three times 

with phosphate-buffered saline. PBMCs are suspended in a medium containing 
RPM1 1640 with glutamine, penicillin, streptomycin, and 2% human AB serum, 
then plated at 1 0* cells per well in 96-well flat bottom plates. PBMCs are 
stimulated overnight with 10 ng/mL of lipopolysaccharide (LPS, E. coli strain 
15 0111 :B4; Calbiochem) in the presence or absence of a compound of Formula I. 

Medium is harvested and the level of mature IL-ip was determined using an 
ELISA kit from R&D Systems. Compound inhibition (IC50) is assessed by 
determining the concentration of agent which reduced IL-1 P levels by 50%. Cells 
were cultured for an additional 4 hours in the presence of 3-(4,5-dimethylthiazol- 
20 2-yl)-2,5-diphenyltetrazolium bromide (MTT) to determine viability. Compound 
toxicity can, therefore, be assessed by determining the concentration of agent 
which kills 50% of the cells (TCso)- 

1CF. Colorinvtric Dose-R esponse (ICsftlAssay, 

Diluted inhibitor stocks are prepared by two-fold serial dilution from a 
25 primary stock whose concentration is selected (based on screening results or on 
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prior attempts at IC 50 evaluation) to achieve approximately 95% inhibition in the 
most concentrated well. Aliquots of each dilution are transferred to a microtitre 
plate in triplicate. 

ICE enzyme is diluted to approximately 24 nM in HGE buffer (100 mM 
Hepes pH 7.5, 0.5 mM EDTA, 20% glycerol, 0.1% Bovine Serum Albumin 
(BSA), and activated by adding dithiothreitol (DTT) to a final concentration of 
5 mM. The activated enzyme is then aliquoted into wells containing inhibitor or 
vehicle, and the plate is preincubated for 60 minutes at ambient temperature. 
Substrate (Ac-Tyr-Val-Ala-Asp-pNA) is added to each well to a final 
concentration of 50 uM, and plates are placed in the microtitre plate-reader 
thermostated to 25°C. Beginning 5 minutes after addition of substrate, absorbance 
(405 nm) of wells is monitored for 1 hour, and activity is calculated as the mean 
rate of change in absorbance during this interval. 

lr.h-2 (Casw-^ Colorim "'"" TW-Wesnonse flCsn) Assay. 

Inhibition of Ich-2 enzyme is assayed as described above for ICE, except 
that enzyme is used at 64 nM, and 60 uM of the Ich-2-specific substrate Ac-Leu- 
Glu-Val-Asp-pNA is used instead of the ICE substrate Ac-Tyr-Val-Ala-Asp-pNA. 
The results of these tests are shown below in Table 1. 
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TABLE 1 



ICE 
KjftiM) 



ICE PBMC PBMC 

IC 50 (MM) IC 5 0 (MM) TC 50 OiM) 



Ich-2 
(Caspase-4) 

IC 50 ftiM) 
3.60 



1 

la 
lb 
lc 
Id 
le 
If 

lg 
lh 

li 

lj 

lk 

11 

lm 

In 

lo 

IP 
lq 
lr 

Is 

It 

lu 

lv 

lw 

lx 

ly 

lz 

laa 

lbb 

Ice 

ldd 

lee 

Iff 

Igg 
lhh 
lii 

Ijj 
Ikk 

111 

1mm 
Inn 



0.460 
4.500 
4.100 
0.990 
1.700 
1.100 
1.300 
1.300 
6.000 
0.760 
0.600 

1.900 
0.970 
14.00 
76.00 

6.40 

2.80 

5.60 

3.90 

8.10 

8.300 
16.00 

6.2 

1.3 

9.1 

5.6 

4.4 

1.7 

7 

4.3 
2.1 
5 

7.625 

4.1 

9 

2.015 
6.9 
21 
7.5 
2.64 
0.82 



3.100 
32.000 
30.000 
3.600 
0.686 
1.170 
8.100 
9.200 
35.000 
7.600 
6.500 
8.500 
8.200 
3.000 
6.000 
35.00 

1.100 
29.000 

9.70 
66.60 
24.000 
50.00 
15.8 
5.8 
32.2 
12 
12.5 
7.5 
19.5 
6.7 
12 
24 
14 
19 
38 
20.7 
16.6 
0.92 
15 
3.9 
6.0 



24.0 
>100 

>100 

>100 
40.0 
47.5 

>100 

57.5 
47.5 

>100 
47.5 

>100 



>100 
50.0 



65 



27.5 
65 
90 
90 
>100 

42.5 
55 
>100 



>100 
>100 

>100 
>100 
>100 
>100 
>100 

95.0 
>100 
>100 
>100 
>100 



>100 
>100 



>100 



73.00 
25.00 
3.00 
2.00 
0.93 
26.00 
26.00 
38.00 
23.00 
8.60 
13.00 



7.00 
48.00 

3.90 
23.00 

6.80 
53.00 
52.00 
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loo 

Ipp 

lqq 

Irr 
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Itt 

luu 

1 w 

lww 

lxx 

lyy 

lzz 

lccc 

Iddd 

leee 

lfff 

Iggg 
2 

2a 
2b 
2c 
2d 
2e 
3 

3a 
3b 
3c 
3d 
3e 
3f 

3g 
3h 

3i 

3j 

3k 

31 

3m 

3n 

3o 

3p 

3q 
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TABLE 1 (cont) 



ICE 
Ki(nM) 



ICE PBMC PBMC Ich-2 

1C 50 (^M) \C 50 (\iM) TC 50 ftiM) (Caspase-4) 

IC50 (H-M) 



1.2 
1.1 
3.1 
2 

5.6 

8.75 

3.3 

8.5 
20 

1.7 

7.7 
37 

6.2 

2.2 

1.6 

2.4 

3.1 

0.272 

0.850 

1.700 
20.000 

3.15 

2.90 

0.066 

5.2 

7.4 

0.084 

0.077 

0.0815 

0.5 

0.16 

0.068 

0.129 

17 
0.79 
0.92 
1.8 
0.283 
0.0024 
0.041 
0.092 



9.5 
13 

I. 2 
4.6 
4.78 

43 
3.1 
3.1 
1.6 

II. 3 
1.06 
3.3 

54.2 
7 

3.2 
23 

9.5 

0.846 

5.50 

4.100 

2.800 

6.70 

3.80 

0.082 

1.05 

1.6 

0.043 

0.078 

0.01 

0.108 

0.065 

0.029 

0.081 

2 

0.2 

0.3 

3.8 

1.33 

0.0048 

0.0575 

0.0825 



>100 
>100 
>100 
45 

45 
>100 
37.5 
50 

40 
>100 
>100 
>100 
67.5 
55 
85 
>100 
35.0 
65.0 
35.0 
>100 
>100 
>100 

7.0 
>100 
>100 
9 
19 

1.2 
45 
14.5 
8 

16 
>100 
29 
70 
>100 
32.5 
0.65 
5 
5 



>100 


1.15 


>100 


3.1 


>100 


1.20 


>100 




>100 


6.9 


>100 


16.7 


>100 


0.065 
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3r 

3s 

3t 

3u 

3v 

3w 

4 

4a 

4b 

4c 

4d 

4e 

4f 

4g 

4h 

4i 

4j 

4k 

41 

5 

5a 
5b 
5c 
5d 
5e 
5f 

5g 
5h 
5i 

5j 

5k 

51 

5m 

5n 

5o 

5p 

5q 

5r 

5s 

5t 

5u 



ICE 
Ki(^lM) 



0.048 

0.053 

0.17 

3.2 

0.10 

3.8 

0.680 

0.500 

0.74 

0.14 

0.11 

0.17 

0.21 

0.6 

1.7 

0.17 

0.189 

1.6 

0.48 

1.4 

0.072 

5.55 

0.78 

0.49 

6.1 

4.5 

3.7 

3.9 

0.535 

6.5 

1.3 

6.1 

0.66 

3.4 

2.4 

0.42 

0.815 

1.8 

1.2 

0.11 

0.7 



-133- 



TABLE 1 (cont) 

ICE PBMC PBMC 

1C 50 OiM) IC50 (H-M) TC 50 (JIM) 



0.10 

0.070 

0.54 

5.1 

0.11 

7.7 

1.800 

1.450 

0.23 

0.018 

0.012 

0.068 

0.107 

0.15 

2.38 

0.068 

0.096 

1.4 

0.96 

0.835 

0.102 

1 

1.65 
0.037 
1.2 
13.1 
7.2 
1.35 
0.082 
0.178 
3.35 
26.8 
3.37 
0.196 
17.9 
0.563 

1.62 

1.14 

3.5 

0.043 

4.3 



Ich-2 
(Caspase-4) 

IC 50 (MM) 



7 

7.8 
12 
>100 

12 
>100 
32.5 
35.0 
57.5 
9.5 



>100 
>100 



0,074 
0.021 
0.05 
1.9 
0.05 
4.1 
17.00 
1.20 



>100 

16.5 

44 

65 
7 

25 
>100 

47.5 

90 

23 
>100 

80 

42.5 

70 

55 

39 

46.5 

11 

55 

52.5 

55 

30 

80 

27.5 

72.5 

52.5 

90 

100 
14 
30 
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5v 

5w 

5x 

5y 

6 

6a 

6b 

6c 

6d 

6e 

6f 

6g 
6h 
6i 

6j 

6k 

61 

6m 

6n 

6o 

7 

7a 
7b 
8 

8a 

8b 

9 

9a 

9b 

9c 

9d 

9e 

9f 

9g 
9h 
9i 

9j 

9k 

91 

9m 

9n 
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TABLE 1 (cont) 



ICE 



ICE PBMC 
IC 50 (^M) 1C 50 (l^M 



1.1 
1.2 
0.11 
0.44 

0.000055 

0.098 

0.00091 

0.0535 

0.001 

0.0015 

0.0027 

0.00012 

0.00016 

0.00005 

0.082 

0.42 

0.49 

0.0002 

0.15 

0.000056 

0.077 

3.9 

4 

1.4 

0.48 

0.11 

0.1465 

0.1735 

0.067 

1.1 

0.37 

4.6 

0.49 

2.9 

6.8 

5 

1.86 

0.8 

2 



4.5 
6.9 
0.06 
2.6 

0.0019 

0.0019 

0.0215 

0.0051 

0.0075 

0.0029 

0.0113 

0.0015 

0.0013 

0.00343 

0.0023 

0.27 

0.058 

1.1 

0.0035 

0.497 

0.0025 

0.0032 

0.0023 

0.44 

0.127 

0.092 

0.33 

0.095 

0.021636 

0.42797 

0.40277 

0.658 

0.27 
19 

0.32 
10 
22 
21.1 
0.70227 
0.23 

12 



40 
52.5 
65 
32.5 

1.6 

0.55 

9.5 

4.3 

6.8 

2.9 

1.4 

0.5 

0.6 

2.8 

1 

9.5 
9.3 
27.5 
1.5 
20 
0.43 
1.3 
0.93 
85 
75 
27.5 
30 
30 
24 
22.7 
23.3 
57.5 
11 

47.5 

10 

23.5 

37.5 

42.5 

26.7 

22.5 

52.5 



PBMC Ich-2 
TC 5 o(HM) (Caspase-4) 
1C 5 0 (M-M) 
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TABLE 1 (cont) 



Example 
Number 



ICE 
Ki(^M) 



ICE PBMC PBMC lch-2 

IC 5 oOiM) IC 50 (uM) TC 50 (uM) (Caspase-4) 

IC 50 OlM) 



9o 

9p 

9q 

9r 

9s 

9t 

9u 

9v 

9w 

9x 

9y 

9z 

9aa 

9bb 

9cc 

9dd 

9ee 

9ff 

9gg 
9hh 



0.56 
0.107 
1.1 
0.16 
4.8 
1.2 
1.6 
0.297 
0.1485 
0.342 
0.4575 
0.7105 
0.0515 
0.0565 
0.0915 
0.358 
0.1845 
0.06 
0.69 
0.48 



4 

0.047 
1 

3.3 
27.786 
0.13825 
7.3799 
0.74924 
0.024696 
0.75009 
0.058631 
4.5923 
0.012147 
0.0124 
0.0248 
0.81376 
1.2318 
0.0235595 
0.15775 
4.3431 



13 

25 

60 

32.5 

75 

24 

28.3 

27.7 

37.5 

32.7 

41.5 

47.5 

15 

21.7 

33.5 

35 

45 

24.7 

24.3 

27 



HEPES= 4-(2-hydroxymethyl)-l-piperazine ethane sulfonic acid 
DTT = Dithiothreitol 
EDTA =* Ethylene diamine tetra acetic acid 
Ac = Acetyl 
Glu = Glutamic acid 
Leu = Leucine 
Tyr = Tyrosine 
Val = Valine 
Ala = Alanine 
Asp = Aspartic Acid 
AMC = 7-arnino-4-methyl coumarin 
pNA = Para nitroaniline 
HOBT = 1 -hydroxy benzotriazole 
AA = An amino acid 
Me = Methyl 
Et = Ethyl 
DMF = Dimethyl formamide 

EDCI = N-ethyl-N'-dimethyl aminopropyl carbodiimide 



